Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



^IDS 



TO 



Engineers' Exammations 



WITH 



QUESTIONS AND ANSWERS. 



This work is Dedicated to 
VICTOR HAWKINS 

▲T WHOSE REQUEST IT HAS BEEN COMPILED 






Engineers' Examinations. 

Af 

I 



PREPARED FOR 

APPLICANTS OF ALL GRADES, 



QUESTIONS AND ANSWERS. 

A Summary of the Principlea and Practice 
of Steafn Engineering, 



y 



By N. HAWKINS, M. K., 

\ 
Author: New Catechism of the Steam Engine: Hand Book 

of Calculations for Engineer*; Ivslructiona for the 
I Boiler Eoom ; New Catechism of Eleclricity, etc. 



^H 



New Yobk; 
Theo. Audel & Co., 63 Fifth Avk. 



THE Mr.VV YORK I ^H 
PUILi; LIBRARY ^H 

TU.DEH FOUNDATIONS 
COPYKIGHT BY ^^H 

THEO. AUDEL&CO., New Yo«k CitT. ^H 
Sept., 1894 AND Sepi., igoi ^^H 



'Aei^'JM^^ii^i ■ 



^ 




INTRODUCTION. 



B are three parties to an engineer'H license : 
' FmsT. The Applicant. 
Second, The Public. 

Third. The Examiners, or examining board of engineere. 
To the applicant the period of an examination is a eeason 
t nervous dread, and the utmost fitness does not alwajs 
BnmoTe ihe feeling of ansietj. 

Men often operate steam plants satisfactorily who can- 

>t tell how they do it, and a thoroughly practical engineer 

limBy make a rery poor showing when questioned hy an 



I Bometimee etill worse when modest i 
« required to write their experience, for in the hands of 
en the pen is an awkward tool ; hence, a very large 
■margin is allowed to men who can demonstrate that they 
Bliave had the necessary practical experience, even though 
Bithey may not be able to answer questions off hand ; and those 
■ Who have become " rattled " under the unuBual catechising. 

e frequently kindly advised by the e: 
I try again." T 



vili arraoDooxioti. 

While the toodencf in all lines of engineering Es toward 

thorough funiiliaritj with principles, there are Ktill good 
chances for safe men, who are comx)aratively unlearned, to 
acquire esperience bv actual work ia engine rooms. 

The relation of tlie public, to the issue of an engineer's 
lict>nae, ia the same an that In whicli it stands to the issue of 
druggista and drug-clorlf licences: that is, the fundaniejital 
riq;bt to protect itself from the criminal ignorance of un- 
tvorthy prettindsrs in handling or dispensing dangerous ma- 

The community poasesses the privilege of passing upon 
the qualifications of its citizens who pi'oposo to manage 
and control machinery or chemicals which, used witliout 
experience or good natural judgment, are liable to cause 
suffering and loss to innocent persuns. 

No one now disputes this fundamental principle of common 
taw; and it is a notable fact that the more competent a man 
ia for the performance of an engineer's duties, the more ho 
desires an honest administration of the laws regarding the 
subject, and a safe standard of qualihoation. 

Relating to the office of an Examining Engineer it may be 
Bald that the position is no sinecure, for he should be 
thoroughly quahfied to examine and pass on candidates, bo 
that none but sober, competent and careful men are paesed. 

As examinations must, perforce, be conducted by practical 
engineers, it follows tliat upon engineers, as a class and pro 
feesion, depend their own standing in the community. If 
the Examiner is a Itigh-toned, sober, inteUigent man, in the 
course of time tlip men lie jwiMses upon, and to whom be 
1 lie very nearly up to his own standard as 
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It would be worthy of intereet to know tiie Uatory. 

JMtton and experience of, say, one hondred of ttie exam- 
g; engineers of the country; for these men, ati models, the 
aen who come under their contact, will cer- 
emuiate and approach wliile never passing their 
d of excellence ; Jience the future welfare of steam 
9 a profession and the money income of its 
bibeta depend almost wholly upon the ExaminerB. 
B test to which Examiners themselves are put before 
g their appointments is very severe, and to have held 
^appointment is a life-long houor. 

1 a recent single year's report of the New York City 

9 Boiler Inspection and Engineer Bureau, there were 

lousand one hundred and sixteen examinations of new 

applicants for engineer's hcenses, of which no Inss than fiVe 

hundred and thir^ were found incompetent and certificates 

refused. 

Of the five hundred and eighty-six successful applicants 



On the first e 
On the second e 
On the thinl e 
On the fourtli e 

El the same year there were : 

Certificates, renewed 4,507 

" transferred 1,383 

New certificates granted 08Q 

Mailing the total number in force. ■ i 
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nuM rix thouBUid five bvmdrad and Axty-tix ovtlfioates 
ware divided thus: 



B of the iHt class 1,838 

3d clnsB 1,498 

" ■■ 3d claas a.«» 

Rre department engineers IW 

Pennita for boilers only 189 

8,568 

And in the same year there were eight thousand four 
hundred and thirty eight inspections made of steam boilers. 

The sum of two dollars for each certificate, amounUng to 
(18,724.00 was collected and paid to the Treasurer of the 
Police Pension Fund in accordance with the provisiom of 
Chap. 437, Laws of 1885. 

In New York City each boiler is numbered in the Peccrds 
at HeadquarCeru ; each Engineer's certificate is likewise num- 
bered, and a heavy &i& is imposed for misusing the papers 
for another's benefit; and in case of the loss even of the 
papers the fact must be immediately reported at the office of 
the Examiner, and a fine may be imposedforthecarelessneM 
which resulted in the loss of the certificate. 

It will thus appear that each license applies to a special 
steam-plant, of which a full descriptiou is kept in the fileo. 
When an engineer changes his position he must tiave biB'- 
certificate "transferred." By tttis it will be seen that an 
applicant must first secure bis position ; and then his lioeose 
^if he is found worthy — is usually granted upon the written 
request of the owner of the steam-plant, who has previously 
ongaged I'Iti, and fixed tlie details of aervioe and 
(km. 
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^^^Ke certiScates are for one year, and on each are printed 

^^^^HolderH of cerdficatea must applj to tbe officer in com- 

'"taand of the Sanitary Company for re examination and re- 

newal of iiertilicates on the dates of the expiration of the 

certificate. This date of expiration will be found printed on 

the faoa of the certificate. 

The certificate allows the person named to take charge of 
and operate the steam-boiler mentioned, but tto otlier, and 
will be revoked on proof of neghgence or ineobriety." 



LAWS OP NEW YORK. 

CBiPTEB U35. 

The People of the State of New York, represented in Senate 
and AMembly. do enact an follows : 

Section 1. Section three hundred and twelve of chapter 
four hundred and ten of the laws of eighteen hundred and 
eighty-two ia hereby amended bo aa to read as follows : 

g S13. The board of police shall preserve in proper form a 
correct record of all inspections of eteam boilers made under 
its direction, and of the amount of steam or pressure allowed 
in eacli case, and in cases where any steam boiler or the 
apparatus or appliances connected therewith sball be deemed 
by the board, after inspection, to be inseCQie or dangerous, 
the board shall prescriite such changes and alterations as 
may render such boilers, apparatus and appliances secure 
aiid deroid of danger. And in the meantime, and until such 
changes and alterations are made, and such appliances at- 
tached, such boiler, apparatus, and appliances may be taken 

NOTB.— BecBino h law May 22, 1BU7. with tho aDproval of the Gov- 
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xii INTRODCCTTOIf. 

under the control of the board of police, and all persons pre- 
vented from using the same, ajid in cases deemed necessary, 
the applianoes, apparatus, or attachments for the limitation 
of pressure may be taken under the control of the said board 
uf police. And no owner, or agent of such owner, or lessee 
of any steam boiler lo generate steam, shall employ any per- 
son as engineer or to operate such boiler unless such person 
shall first obtain a certificate as to qualificatioa therefor 
from a board of practical eugineera detailed as such by the 
police department, such certificate to be countersigned by 
the ofilcer in commund of the sanitary company of the 
police department of the city of New York. In order to b 
qualified to he eiamined for and to receive such certificate 
of qualification as an euEineer, a person must comply, to 
satisfaction of said board, with the fallowing requirements'. 

1. He must be a citizen of the United Statee and over 
twenty-one years of age. 

2. He must, on his first application for examination, flU 
out, in his own handwriting, a blanK application to be pre- 
pared and supplied by the said board of eiaminers, and 
which shall contain the name, age, and place of residencfl of 
the applicant, the place or places where employed and 
nature ol his employment for live years prior to the date of 
his application, and a statement that be is a citizen of the 
United States. The application shall be verified by him, and 
shaU, after the Terification, contain a certificate signed by 
three engineers, employed in New York city, and registered 
on the books of said board of examiners as engineers work- 
ing at their trade, certifying that the alalementa contained 
in such application are true. Such application shall be filed 
with said board. 

S. The followmg persans. who have first complied witl) 
the provisions of subdivisions one and two of this section, 
and no other persons, may make application to be examined 
for a license to act as engineer. 
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a. Anj persoD who has been employeJ as a fireman, as an 
oiler, or as a general assistant under the iostructions cif a 
licensed engineer in an^ building or buildings in the city of 
New York, for a period of not less than Ave years. 

b. Any person who has served as a fireman, oiler or gen- 
eral assistant to the engineer on any steamship, steamboat. 
or any locomotive engineer for the period of five years and 
shall have been employed for two years under a licenseil 
engineer in a building in the city of New York. 

c Any person who has learned the trade of machinist, or 
boilermaker or 8teumAtt«r and worked at such trade for 
three years exclusive of time served as apprentice, or while 
learning such trade, and also any person who has graduated 
as a mechanical engineer from a. duly established school of 
technology, after such person has bad two years' experience 
in the engineering department in any building or buildings 
in charge of a licensed engineer, in the oily of New York. 

d. Any person who holds a certificate as engineer issued 
to him by any duly qualified board of examining engineers 
existing pursuant to law in any state or territory of the 
United States and who shall file with his application a copy 
of such certificate and an affidavit that he is the identical 
peiBOQ to whom said certificate was issued. If the board of 
examiners of engineers shall determine that the applicant 
has complied with the requirements of this section he shall 
be examined aa to hia qualifications to take charge of and 
operate steam boilers and steam engines in the city of New 
York, and if found qualified said hoard shall issue to him a 
certificate of the third class. After the applicant has worked 
for a period of two years under his certificate of the third 
class, he may be again examined by said lioard for a certifi- 
cate of the second class, and if found worthy the said board 
may issue to him such certificate of the second class and 
after he has worked for a period of one year under said cer- 
tificate of the second class he may be examined for a certificate 
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of the first class, aa-i when it shall be mode to appear to the 
satisfaction of said I card of esa miners that the applicant for 
either of said grad « lacks meulianicul Hbill, is a person of 
bad habits or is addicted to the use of intoxicating beverages 
he shall not be entitled to receive Buch grade of license and 
shall not be re-examined for the same until after the expira- 
tion of one year. Every owner or lessee, or the agent of 
the owner or lessee, of any steam boiler, steam' generator, or 
steam engine aforesaid, and every person acting for such 
owner or agent is hereby forbidden to delegate or transfer \a 
any person or persons other than the licensed engineer the 
responsibility and liability of keeping and maintaining in 
good order aud condition any siich steam boiler, steam gen- 
erator or steam engine, nor shall any such owner, lessee or 
agent enter into a contract for the operation or management 
of a steam boiler, steam generator or steam engine, whereby 
said owner, lessee or agent shall be relieved of the responsi- 
bility or liability for injury which may be caused to person 
or property by such steam boiler, steam generator or steam 
engine. Every engineer holding a certificate of qualiflcation 
from said board of examiners shall be responsible to the 
owner, lessee or agent employing him for the good care, 
repair, good order and management of the steam boiler, 
steam generator or steum engine in charge of 
operated by such engineer. 
%2. This act ehaU take effect immediately. 
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J quaiifioationB to secure a UcexiBe 
la the following order: 

lat. — Character or general fitness for the trust. 

2d. — Knowledge and experience relating to the Bteun 
generator, 

8d. — Skill la the running of the eteam-engine and other 




Before the issue or the refusal of a license to an. applicant 
he is examined personally, and alone, by one of the Board. 
all of whom are practical engineers ; and there is no stated 
list of questions either oral or written. 

If a candidate shows hy his answers that he is familiar, 
dirough actual eiiperience with his duties, and not coached 
by some one for the mere purpose of obtaining a license, ho 
is entitled to his papers. 

Relating to character qualification, it may be esld thai 
IB the engineer is to be in charge with an almost 1 
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ent trust of property aad life, the Exanijoer will. beforeBmy-H 
thlDg else, seek to ascertain eomething of the habiCe luadl 
moral principles of the applicant. No man, if it is known, ' 
who ever yields to intoxication, and no one who it 
vict«d embeszler. will be granted a license; without question 
the indeQnable marks of an honest man go veiy far towards 
securing to him his papers. 

The reliable engineer ia nearly always a man of thoughtful 
dignity of manners.as naturally becomes habitual to one under 
an unceasing weight of responBibility. involving ao much ; 
this outward evidence of inward ijualities is rightly most 
favorable to an applicant. 

Character is what a man really is, and a good character 
implies many virtues, such as truthfulness, courage and cool- 
ness under sudden danger, a habit of tidiness in person and 
dress, strict honesty and large-mindeiluess ; all these are to 
be expected from an applicant for an engineer's papers. 

So important is this qualification — of good character — con 
aidered, that there are printed on each of the seven thousand 
licenses issued by New York City the following : 

Chapter 648. Laws of 1886. ■■When, on examination o( 
an applicant, it appears to the satisfaction of the Engineos 
that ne lacks natural capacity, or mechanical skill, knowl- 
edge or experience; or is unfitted by habits of insobriety to 
perform the required duties in a manner consistent wltii 
safety of life, a certificate of qualification will be denied, 
Renewals of certificates will be refused, and certificates will 
lie revoked on proof of like deflcienoies," 

For many reasons a good character is the first requisite foi 
the granting of a license, coming even before skill and 
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knowledge of ttaebuBJnesa It ia on account of its relatit'e 
impDrtance that applicants are Srat required to give an ac- 
count of their experience in the practical duties of engineer, 
machiniBt or fireman. 

As to the general Stneas of the applicant, it may be eaid 
that age implying a certain length of eiperience ia necesaary ; 
while on the other, exti-eme age. even with great skillful- 
ness, if accompauied by bodily weakne^B, is a bur to pa-ising. 
Defective eyesight, an evidence of estreme nervouanesa, and 
certain bodily defects, are very potent reasons for withhold- 
ing consent. 

Secondly, the eiaminer will proceed to ascertain the 
applicant's knowledge of the steam generator. No api.'licant 
wanting in practical experience in the care and management 
of the steam boiler will be permitted to pass. If there were no 
liability of steam explosions there would be no need of issuing 
licenses in stationary engineering service any more than 
for a license to run wood or iron working machinery, pile 
drivers, or the thousand and one machines used in modern 
industry ; for example, no license is required to run a water- 
mill, however large, unless it has a steam boiler on the 



Accidents in ateiim ptunta, like the bursting of dy-wlieel.s 
and breaking of cylinder-heails, even if accompanied by in- 
jury and loss of life, cause no uueasiuess in the public mind. 
and carry no personal discredit to the Examiner; but it a 
license is granted to an unworthy person, and an explnsi'iu 
of a steam boiler occurs, causing personal injury or lowt i>f 
life, then the public, through its Coronet's or other juries, will 
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in guarding its safe^, 
Hence, the sharpest 
ju boilers. 
t laid upon charaoter. 



blame the Examiner for being rsmis 
OS well aa the person in direct char^ 
queetioningB come in reference to sb 

WhOe the flrat element of stress 
the second is properly put upon the knowledge of steam 
generators, and the greater portion of this book of "aids" 
wiU be devoted to the problems relating to boiler conatruo- 
tion, safety and management. 

Third will comeall these questions relating to the steam-en- 
gine, pumps, piping and general knowledge, which go to jirove 
that the applicant is really an engineer (that is, an ingenious 
poiBon), capable of the poeition of trust to which he aspires. 

So very diSerentin responsibility are the pceitiona required 
to be flUed by the engineer that it is almost always a matt«t 
of individual juUgment with the examiner as to the fitneea 
of the man for the place ; and in forming this judgment 
and deciding aright botli the discernment and skill t^ fbm 
eiamining engineer are exhibited. 

In the latter part of this work will be found several e^ 
tracts from city and United States laws, relating to engineer'a 
licenses and examinations. These will, doubtless, fonn 
models for other parts of the country, as yet without lawi 
bearing on the subject, as they, one by one, adopt the syvtflnl 
n found bo useful, where it has been teoMd. 
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lASSIFICATION OF KNOWLEDGE THE KEY 
TO SUCCESS. 



This old saying conveys the strange truth that sometimes 
the more a man knows, the more useless is what be knows. 
It is true, notwithstanding its strangeness, and it is true 
especially in practical steam engineering. 

On a certain comer in the Bowery of New York City may 
be seen a store window packed full of al! kinds of cutlery- 
razors, corkscrews, butcher knives, files, screw drivers, 
pistols, hammers, boxes of drawing tools and a hundred 
other things in the hardware line. These are all in one jum- 
bled mass in indescribable confusion, and are an emblem of 
the disorder in the mind of an unapt, blundering, unskillful 
man in the engine or boiler room, lie has the knowledge, 
perhaps, but it is never available when needed. 

Now, on Park Row, a little south, there is a regular hard- 
ware store witb a stock of goods a hundred times the variety 
and a tliousand times as large as that in the Bowery, and yet | 
scores of men and many teams serve hundreds of customers { 
every day, and block the sidewaika witb the incoming and I 
outgoing loads of their ware, handled in the big many | 
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storied building and aJl without confusion, Iobh or hurry. 
This ifl eiao a, symbol of another kind of man who has his 
wide and extensive knowledge well in hand for ready use, 
who easily may aasume with credit the poeition of chief 
engineer. 

What is the key to suocees in the management of a sbeam 

plant and of personal advancement ? It consists in the 
scientific or orderly arrangement of the rariouH knowledge 
required to make the experienced engineer. 

Not only the chief but the aaaistant engineer, the oiler and 
the Hreman should strive towards tliis due classification — as 
soon as a fact is acquired let it be stored away in ite proper 
place in the mind. Facts about steam with tlie steam 
(mental) department — facts alwut the engine in the engine 
(mental) department ; facte about piping and valves with the 
pipe and valve (mental) department, etc., etc. 

In this way the mind and memory are filled with available 
vriedge like a well written book with a reference index. 

For infitance all the various items of information relating 
to the physical properties of steam should be grouped together 
in the engineer's mind, or he should know where and when 
to lay his hands upon needed information relating to this 
subject. Example: There is a table of st«am properties 
called Hegnault's Tablee, which show the temperature of 
steam at the different pressures, the volume per pound in 
cubic feet at the different temperatures, etc. Now it is not 
necessary to carry all the figures in one's mind, it is only 
necessary to know of the existence of the Tables, where they 
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ore to be foimd^in what book and in wtiat library, &ad finally 
to accurately apply tbe figures to tlie problem to be dedded. 

To know these and ottier fundamental laws is a long Etep 
in the science of eteam engineering and the remuneration in 
large to the man who knows and can use his knowledga 

The rudiments of steam engineering can be acquired by 
about two years of constant application, and close observation, 
by a person who has a lilimg for tbe work. A person who 
does not like to perform the duties required will never acquire 
"full competency" for the duties required of a chief engi- 
neer, for the reason that he will not have the opportunity. 

A system of education that tends to broaden the mind and 
thus reniler it capable of dealing confidently with large 
questions is not only moat likely to make the engineer edu- 
cated under it more respected by those with whom he comes 
into contact in professional life, but it gives him a wider ' 
range of opportunities. 

The immense magnitude of modem steam plants and their 
combination of Steam, Electricity, Refrigeration, Transpor- 
tation, etc, , calls for first clasa men to manage the complex 
machinery. 

This theme is a difficult although neceseary one, and 
advice relating to it may be summed up thus — 

FrttsT. Do not " lumber " the mind with useless matters. 

Second. Be sure of the trutii of each single fact. 

Thisd. Store the fact or item of information away in the 
mind witli other kindred items relating to the eam« depart 
It of engineering. 



so OLASSIFICATIOir OF KNOWLEDQM. 

To make the most of oneself is a problem which has be«ii 
answered by the word ooncentration. Keep close to one line 
of advancement and be content to be ignorant of some things 
in order to know thoroughly some others, The path being 
chosen, then let the advance be persistent and unceasing. It 
was thus that Stephenson produced such results in locomo 
tion, and Watt such wonders with the steam engine. 

This persistent industry is not irksome. It carries its own 
reward, and the results are definite and sure. 

** One step and then another. 

And the longest walk is ended ; 
One stitch and then another. 

And the largest rent is mended. 
One brick upon another. 

And the highest wall is made ; 
One flake upon another. 

And the deepest snow is laid. 



THE STEAM BOILER. 



Wbile the shapes and forms in which eteam generaton 
have been constructed aru many, they all agree in one point 
— they are closed vessels atrongly made so as to withstand on 
internal pressure of considerable force. 

In engineering terms this force i* called the steam proas- 
ore and it varies from 5 to 500 lbs. per square inch. It is the 
first rule in the design of steam boilers to provide against 
this varying internal force. 

While the sphere is the strongest form ol vessel to leelst 
internal pressure, there are many practical reasons which 
prevent its being used for the purpose. Next to the apheie 
the oylindrical form iei the simplest and strongest, and la 
now universally adopted. 

The steam boiler has two essential parts, the furnace 
which contains tlie fuel to he burnt and the boiler containing 
the water to be evaporated, Within tlia boiler tliere must bi' 
stesQi rooiu as well as water space — outside there must bo 
heating surface and a chinmey or other apparatus to convey 
away the waste product', nf combustion. , 
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Qnestlons and AnswerR Relating to Materials 
for Boilers. 

({nea. What is the meaniiiif of Tensile strength when ^>- 
plied to rivete, bra<^es and boiler plates ! 

Ans. It is that amount of force — usually ex- 
pressed in pounds — which, steadily and slowly ap- 
plied in a straight line, just overcomes the cohesion 
of the particles and pulls it into separate parts 

Qnes. What is the meaoijig of ehearing etrengti T 
Ans. It is that amount of force — usually ex- 
pressed in pounds — which, if steadily and slowly 
applied to the rivet, at right angles to its axis, causes 
it to separate in parts, which slide over each other. 
This separation is nearly always at right angles, and 
in common language is called "shearing off the 
the rivets." ^1 

Qnes. What is tho meaning of elastic limit I ^H 

Ans. This is the point to which steel or iron can 
be stretched out, and from which the metal will 

I return to its original position. When steel is pulled 
beyond its limit of elasticity, it does not return to 
its old place ; the "bagging" of a burnt sheet over 
the fire is an example of the plal 
stretched beyond its limit of return. 
m^ ^ 
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QDXBTtOSS A!fD AUBWOBa. 

Qnes. What is the meaning of ductile 1 

Ans. The material is "ductile," when it can be 
extended by a pulling or tensile force and remain 
extended after the force is removed ; the greater 
the permanent extension the more ductile the ma- 
terial. 



Ans. The material is said to be tough when it 
can be bent first in one direction and then the op- 
posite direction without breaking or cracking. The 
greater the angles it bends through (coupled with the 
number of times it bends) the tougher it is. 



Qnes. What ia tlie meaning of a. 

Ans. This is the term applied to iron or steel 
when it can be extended by hammering or rolling 
without cracking and remain extended ; the more it 
can be extended without fracturing, the more malle- 
able it is. 

Qnes. What is weldable iron or steel 1 

Ans. This is the term which is applied to the 
material if it can be united when hot by hammering 
or pressing together the heated parts. The nearer 
the properties of the metal after being welded are 
to what they were before being heated and welded, 
the more weldable it is. 

tjaes. What does homogeneous meaa when applied to 
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^^H Ans. This word describes material of the same 
^^^1 Gtructure and nature; where the grain or fibre of 
^^^1 the plate is the same in every direction. 

^^^P Qnes. What is the meaning of cold-short iron or ateel \ 
^^^ Ans. This is a name given to the material when 

i; cannot be rolled or hammered, or be bent when 
cold without cracking; such a material can be worked 
or bent when at a great heat, but not at any tem- 
perature greater than ihat assigned to dull-red. 
Qaes. What is the meaning of " hot-short i" 
Ans. This is when the material cannot be easily 
worked under the hammer, or by rolling at a red- 
heat, at any temperature which is assigned to a red 
heat, without fracturing or cracking, such a material 
may be worked or bent at a less heat. 

Qnes. What is the meaning of elongation of metals I 
Ans. The amount of stretching usually expressed 
in lbs. which a test piece will bear, due to a steady 
find slowly applied force before it is pulled into 
parts. 

Qnes. Deeoribe tht qnalitlea whloh should ho posBeesed b; 
a good boiler-platu ? 

Ans. The plate should not be too large, and 
should have been satisfactorily tested at the mill 
by suitable bending tests, and by the testing ma- 
chine, each sheet being marked with the maker's 
name, with the figures showing what lenailf 
strength " 
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Qnes. Repeat the anRwer, using the deflnitioUB for boOiH- 
materials iu their proper places T 

Ans The material should be homogeneous, and of 
suitable tensile strength and elongation, best suited for 
the purpose, having an elastic limit %\i^t will ensure 
the boile'' being reliable ; it should be tough and 
ductile ; the material should be malleable, and in some 
cases -weldable ; that which is of a decidedly cold- 
short or hot-short nature should be avoided. 



Qnes. Whatisateel? 

Ans. Steel is iron 
an alloy of iron— the ; 
steel : can be melted 1 
wrought 



with a mixture of carbon or 
Hoy being principally carbon 
ike cast iron and welded like 
e are hard and soft steels, 
according lo the process of production and propor- 
tion of alloy. 
4}ne8. What is Iron? 

Ans, It is one of the original substances of which 
the globe is composed. There is very little pure 
iron, it being nearly always found combined with 
other things. Wrought iron is iron with the impur- 
ities worked (or wrought out) and thus rendered 
soft and malleable, ready to be beaten by the ham- 
mer into any desired form or rolled into thin plate." 

({nes. What is the tensUe strength of eteel and iron I 
Ans Of iron according to the table, 50,000 lo 
the square inch average — of steel about 70,000 lbs 
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Unm. What Is the difference between steel and ironl 
Ans. The steel in ordinary use is an alloy of iron 
which is cast while in a fluid state into a malleable 
Ingot, To be steel il must be malleable and the 
product of melting or fusion. This definition 
excludes pig-iron which is fused or melted, but not 
malleable; and wrought iron which is malleable but 
not fused or melted. 
Qnes. What is an alloy, define it i 



Ans. An alloy is a i 
or more metals. Ex.: 

of lead is " an alloy " si 
which meits at 380° (ai 
to reduce the quality 1 



xture or compound of two 
wo parts of tin and six parts 
table for fusible plugs and 
jnheit. To alloy is usually 
of the parts, and thg. 



least valuable is sometimes called "an alloy." 
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Questions and Answers Relating to tbe Ex- 
pansion and Contraction of Steam Boilers. 

Ijnes. When a boiler is in use what ia the effect of heating 
Aud cooling it T 

Ans. The heat expands and enlarges the whole 
structure, and it should be so constructed and set in 
the briclc work, that this change in form may be as 
uniform as possible — one part equally with another. 

<{aeB. Does the cold contract the boiler ? 
Ans. VcSj and the process of enlarging and con- 
tracting is a continual process, as long as the boiler 
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Ans. It is a severe test of the strength of the 
boiler, the tubes or flues expanding lengthwise with 
a force sufficient to tear the heads out of the boiler. 

The smaller the proportion of the surface of a 
boiler that is exposed to the heat, the more active 
will be the effect of the expanding and contracting 
forces, and in the case of boilers, set more than 
half exposed to the influence of the atmosphere, the 
power exercised by the expansive heal of the fire 
below and the contraction due to the low tempera- 
ture above, are almost enough to tear the boiler to 
pieces. 

Qaes. Is any more to be said upon this 1 

Ans. It is the unequal expansion of the shell and 
tubes that really does more injury to a steam boiler 
than the expansion and contraction due to changes 
in the pressure of steam ; the leakage and cases of 
rupture that so often occur in the lower seams and 
along the bottom of horizontally fired boilers are 
unquestionably due to these causes; in very many 
instances forced firing in getting up steam on first 
starting the boiler is to blame. 

QiKtBi la the force of expansion and contraction known ac 
that it can be ' ' nearly " calculated 1 

Ans. Yes, iron will exert a strain of 150 pounds 
per square inch for every degree of temperature. 
Suppose iron has been heated to 350 d^e■rees ana 



cooled dowa to 60 degrees ; if It is securely riveud 
or otherwise fastened ft will be cooled 350° — 6o"j™ 
190° X 150 =-44,500=11)^ tons, on every square 
inch of s 



<{neg. Name an liutanoe wRera this foroe is likely to be 
dangerously exert«d ! 

Ans. Where the tubes are placed very near the 
bottom of a boiler, in which case the pressure is all 
on the lower side of the heads and the plates that 
keep them together ; it is not unusual for these 
plates to be ruptured or the seams sprung under- 
neath, causing troublesome and often dangerous 
leaks. 

QncB. How are these difficulties to be avoided f 

Ans. To avoid the injuries so often caused to 
boilers in this manner, it is necessary, therefore, to 
exercise great care in raising steam in new boilers 
or those that have been blown out and allowed to 
cool down. The fire should be raised moderately 
and gradually, and the boiler slowly filled with 
water, so that the increase in the temperature may 
be gradual, In cooling off a boiler the same care 
must be exercised ; nor should the furnace doors be 
suddenly thrown open or any other proceeding 
taken that will result in suddenly lowering the boiler 
temperature, a rapid decrease in the heat being quite 
as bad for the safety and durability of the boiler as 
the immoderate and uneoual increase above referred 
to. 




Fartiotis of boiler abdk wIikIi witat, or vbicit c«hcrvi^ 
deviate from the roDnd or t^g shsfi^ are nece^arO j Mrj-yV 
ened bj: meaii3 c< Etays n- bneo, tf*™^ *^ i wm ii nM r 
OQtward presentE oneed bj tlie deaiB. 

The oulv fornw (cr the rikdl at boikn wldcii ste nfe 
against bnretiiig br intenml [■<imiih. wittant the aid oi 
stays, are the cjUnderaiid tfie^ticrearcgsAi^ 

Tlie tubes which extmd from end to aid of tfae tab«lir 
boiler, it basbeen proved, famish sidEciaith<ddiiigpow«r to 
amply stay the part of the head to which tlvr are attac^wd 
and also two inches above the upper row of tabes. 

The flanges ot the head being secartiy united to the sbeD, 
and being also ctirved or dished, it may likewise be .safe^ 
aasumed that no braces need be provided for that part of th« 
head which liee within three (3) inch^ of the shell. 

The part of a hoiiEontal tubular boQer which needs to b« 
braoed therefore consists of a segment of a circle whooe 
oircnmference lies three Indies within the circle of the shell 
and whose base is two inches above llie upper row of tubee. 

Thus in a 6-(oot boiler, whose upper row of tubes is S6 
below the top of the shell, the part of the head which requires 
tlDKJiiig consists in a segment of a circle, the dianmtw 
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which is 60 inohes and the heighth of which is 21 inches; 21 
inches being the measured heighth, 26 inches less the 8 
inches supported by the flange and the 2 inches supported by 
the flues. 

Each square inch of this flat surface must be practically 
supported by the braces, owing to the thinness of the plates, 
of which the boiler heads are constructed ; and large allow- 
ance must be made for weakening caused by the age and use 
of the boiler. 



Questions and Answers Relating to Boiler 

Braces and Stays. 

Qnes. What are some of the names of boiler braces and 
stays? 

Ans. Crowfoot-brace, jaw-brace, head-to-head- 
brace or through braces, gusset-stay. 

Qnes. What are through braces ? 

Ans. The same as head- to- head braces, /. ^., they 
pass from one end of the boiler to another. 

({nes. What is the crowfoot brace ? 

Ans. This is sometimes called the " solid brace ** 
because it is made of one piece of iron with both 
ends " flanged out " for the purpose of riveting to 
both the shell and head. 

Qnes. What are radial braces ? 
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Ans. These include the crowfoot and braces 
attached to T iron, and so placed as to run back to 
the shell in a direct line from the head fastening, at 
a proper angle. 




1 arranging the 

iide a Bt«ftm boiler ! 

Ans. It is of allowingf access to the boiler for 

examination and yet arrange the braces so that each 

shall bear its due proportion of load. 

Qaes. Of what material should braces be madu T 
Ans. Of the best iron, without weld, and should 
be, where threaded, upset for six or eight inches 
from the ends, so that when these ends are threaded 
the diameter at the bottom of the thread shall 
slightly exceed the diameter of the brace,* 



Lined bf IncreaclnB 
on the other hand, 
i in the size o( the 
braces that at 100 



• With radial bracing greater strength is oh 
the nuitiber of the bracee. With through braces 
IncreAaed prefiBnre is provided for by an increa 
brues. This Ib an Important conalde ration ; fo 
ponnds preaanre sostain a BtreM of T,BO0 pounds p( 
not be proper if the boiler were tacarryl25orl50pounilB. The 
should aJwayB be proportioned to the enrfaee they have to ei 
t-ni to the pressure ol the aUam. It may seem neodlesB to refe 
obvious t. ffict AS thlH, bat our sxporieuce has Ehnwii that too 
BttenUon is Eometimes paid to it. and Leace we feel called n 
CB ItB importauoe.— 17(e Lucumulive, Feb]/., isnli. 
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^nes. Wbftt Btrma is allowed on boiler stajm 1 

Ans. The greatest stress to which a boiler 

should be exposed is 6,oqo lbs. per square inch tA 
section* at smallest part of stay if made of iron and 
but little more if made of unwelded steel. 



I 



<{nM. How do you And the absolute etresa or strain on the 
flat surface of a steam boiler, which ia carried by the stays ! 

Ans. Choose 

three stays at three 
corners of a 
square — multiply 
the sides in inches 
and the result is 
the number of 
square inches ot 
surface depend- 
ing upon one bolt 
or stay for sup- 
porting strength, 

QnOB. Give an eiample. 

Ans. Suppose the stays measure 5 inches from 
center to center each way with steam at 60 Iba,, 
then : 

5X5 — 25X60=1,500 lbs. borne by 1 stay.f 

• This la tha U. S. GoverQmBUt mle— jV to tV the (ensile atrangth 
of fbe Iron or ateel used for braces is a safe rule to follow. Many 
StaUi and City Ordinances allow 7,600 ItiB. net stroBa. 
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Qnes. How do you aacertain the number and size of the 
stay bolts to be used on a flat eurfaoe in a boiler T 

Ans. By finding the total pressure on the unsup- 
ported portion and dividing it by the number of 
stays, each of which should be strong enough lo 
bear its proportion.* 

([lies. In examining tiie interior of the boiler, which Rhcii M 
be done periodically, what are soms of the defects for which 
you would be on the lookout ? 

Ans, For slack braces, for pins missing from the 
braces, and also to see that none of the braces have 
more than their due share of strain, and for leaky 
socket-bolts. 

Qaes. "What elae would you partioularly look for 1 
Ans. For defective riveting, defective heads to 
the rivets, and for broken and loose stays and braces, 

Qnes. "When defects are found who is the best party to 
moke the repairs ? 

Ans. An experienced boiler maker. 

Qnes. If no good boiler maker was available what would 
you do then. ? 

Ans. I would run no risk but wait until one 
could be had — unless I myself was capable of mak 
ing a temporary repair, and then I would try and 
prove myself an engineer worthy of my position. 



Bitr^n upon. it. 
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Qnes. When a new boiler is put into service and it begins 
to exhibit signs of diatrbBft and leakage after being fired up 
for a tew days or weeks, wliat ia usually the cause ? ^ 

Ans. It is probably the effect of overstraining'^H 



Qnes. What is the cause of this T 

Ans. Frequently the end plates are too thick or 
too rigidly stayed, thus preventing the plate from 
slightly yielding or " breathing " in sympathy with 
the lengthening and shortening of the flue tubes, 
.nlly taking place with each variation of tenij^ 
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Qnes. What remedy is there for this ? 

Ans. That is a boiler-maker's job, and it is some- 
times done by re-riveting the gusset stays whicli 
support the ends and shell of the boiler. 



i 

me- 
licli 
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1{neH. Name other things causing overstraining T 
Ans. Overheating the plates, resulting froi 
use of impure water — this is a very frequent cause 
of the failure of comparatively new boilers, the 
deposits cause uneven expansion and contraction. 
Again, the presence of oils in the boiler, admitted 
with the feed waterwhen taken from the hot well of 
a jet condensing engine, or admitted with the steam 
from the cylinders. This, especially where the water 
contains carbonate of lime, is responsible for a great 
deal of the trouble arising from straining. 
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"•g pipes, 

actioDof the 

troy it. For naaaao^ a i^* k ^ I 

ate at least joyopo Ak oC «Mer ia 

hours, and tnaaMMih.s^,4a»iaM 

tively pure water tWivwaU be 

matcerin that qBaati^,aad ia HMf kia^of spria^ 

water as mnchas zoo B»., aad^Mcfcrfitij ifiiai 

after the steam isgeaenaed. la w e "i w ei aa ms" 

such has been the c o a dhJ OB at the tm t a l o t ot the 

steamboat boilers that H has reseabled "■Bsh" ia 

consistency. 

The imporittes are simply foretge bodies, which 
have no Intimate place in the bolter, and are to 
be expelled as dangeroos foes. 

The sediment remaining after the extractioa of 
the steam forms scale ; and the presence of scale or 
sediment in a boiler results in loss of fuel, burning 
and cracking of the boiler, predisposes to explosion, 
and leads to extensive repairs. It is estimated that 
the presence of i-ifi inch of scale causes a loss of 13 
per cent, of fuel, X 't>ch 3S per cent, and >i inch^o 
per cent. 



ae ENQISEERS- EX^UISA^TIOSa. 

({nes. What effect does the acctunulation of scale on the 
interior, and of soot on tlie exterior of a boiler, have upon 
the economy of the boiler t 

Ans. The result is to largely increase the amount 
of fuel consumed, frequently as much as one-fourth 
in cases of bad scaling. 

The most common defects produced are serious 
leakage around lube ends, incrustation and scale, 
deposit of sediment, external corrosion, internal 
corrosion, and defective pressure gauges. 

Que*. Is acsie all of one lEind ? 

Ans. No. The nature and hardness of the scale 
depend upon the kind of substance held in solution 
and suspension by the water in the boiler. 

e is the best in dealing with the 

Ans. It is more profitable to soften and filter the 
water than to trust to blowing out or dissolving the 
sediment and scale after it is there. 

QneB. What is the action of a scum-cocb T 

Ans. Nearly all foreign matter held in solution in 
water, on becoming separated by boiling, rises to 
the top in the form commonly called scum, and every 
boiler should be provided with means for blowing 
out water from the surface in order to remove the 
line particles of foreign matter floating there ; as, if 
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aot removed the heavier particles will be attracted 
to each other until they become sufficiently dense lo 
fall to the bottom, where they will be deposited i 
the form of scale. 

4}nes. Can a mixture be made to uae in a great majority 
of cases of scale. 

Ans. One that has been strongly recommended is 

made up of 40 lbs. of sal soda, to which is to be 
added 5 lbs. of calichu and 5 lbs. of salamoniac — 
one lb. of the mixture to be added to each barrel 01 
water used, until the scale disappears, when the ust 
of sal soda alone is all that ts necessary. 

Qnes, Can one preparation be made that will be beneficial 
« of deposited sediment T 



naUt 



Ans, No. This is owing to the variety of chemi- 
cal matter contained in water, and the varying 
quantities existing in the steam generators, to say 
nothing of the different temperatures in which the 
" compound " may be expected to operate. 

nref- 



Ans. It is absolutely essential to the successful 
use of any boiler, except in pure water, that it be 
accessible for the removal of scale, for, though a 
rapid circulation of water will delay the deposit, 
and certain chemicals introduced into the water may 
lessen it, yet the only certain cure is periodical in- 
spection and mechanical cleaning. 
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QaestioDS and Answers relating to the Steil 
Boiler. 



J the principal forms of steam generators t 
are three, stationary, locomotive and 
erms explain for what uses they are 

}iuB under the 



Ques. ^Vliat ai 

Ans. There 
marine, which 
built. 

Qaes. Name some of the boilers 
headmg of stationary. 

Ans. The Horizontal Plain Cylinder ; the Two 
Flue ; the Horizontal Tubular ; the Water-tube ; 

the Cornish ; the Sectional, etc. 



({nea. Which form is the one most largely in 

Ans. The Horizontal Tubular. 
(Jaes. What &lv its special advantages ! 

Ans. This type is the result of many years 
experiments, and aside from a liability to an occa- 
sional explosion, has proved itself best adapted to 
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the 



nts of steam users. 



Quee. Name some of its special "points " of advantage. 

Ans, It is the cheapest in construction ; it is 
cylindrical ; it encloses the greatest volume of water 
and steam with the least material ; it is very access- 
ible for cleaning out and it resists internal and 
external strains with equal excellence. 



QVESTIOlfS AlfD ANSWERS. 

.r difference between water tube 

Ans. The fact of the small tubes being used for 
holding the water — the distinction is expressed by 
denominating the older type "lire tube" boilers. 



Ans. The principal claim for superiority is that 
they are supposed to be safe from disastrous ejcplo- 
sions. This is owing to the small size or diameter 
of the tubes of which they are built, ad. — They are 
quick "steamers." 3d. — Are accessible for repairs 
and cleaning and are easily transported — being con- 
structed in small sections — and easily set up. 

<{aeB. What are the known disadvantages of the water 
tube By stem ? 

Ans. While they make steam quickly, the press- 
ure as quickly subsides, owing to the small reserve 
in the water space ; the use of cast-iron used in their 
construction has frequently worked badly in prac- 
tice and they are said to be more liable to "prime " 
than other forms, 

Qnes. Has any particular form of steam boiler proved 
itself absolutely the best 1 

Ans. No. Tests prove that a square foot of 
heating surface in both systems, if properly set and 
with an equally good draft, evaporates nearly the 
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same number of pounds of water to a pound of 
coal. 

<tnea. What la tbe essential peculiarity ot the marine 
boiler t 

Ans. By U. S. Law all marine boilers must be 
constructed so that they are fired internally. Theji 
are not allowed to be "set " in brick work. 

IJltei. What is the essential peculiarity of the locomotive 
bollert 

Ans. In that it has the steam engine attached to 
It, thus making it, as it were, a combined engine 
and boiler, which, with the steam-blast invented by 
John Hedley, forms as near a live thing as is 
known in the world, of man's creation. 

^nes. About how many pounds of wat«r can be evapcsa- 
ted per pouud of coal by an ordinary boiler T 

Ans. From seven to eleven pounds, depending 
upon the quality of the coal, the draught, and the 
thickness of incrustation on the interior of the boiler 
and amount of soot and ashes on the shell and in 
the tubes. 

QncB. What part of the steam bolter ia the strangeat ! 

Ans, The strength of a boiler is only that of its 
weakest part; hence boiler makers are always study- 
ing methods of perfecting the structure so that every 
portion has the same resistance. 

Qnes. What ia the great cause of steam boiler exploaionsi 
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Ans. Weakness in the boiler to withstand the I 
pressure. When a boiler is strong enough to hold \ 
the steam it will not explode. 

Qaes. "What produces thU meakness I 

Ans. Generally byoverheating the plates, can 
by shortness of water. When the sheets are heated 
to a certain point they lose their power of cohesiui 
and become very weak. This causes them to bulge 
or come down ; and where the pressure is suddenly 
increased by pumping in water, an explosion takes 
place. 



Qnes. What other causes can you name which are lis 
to produce an explosion ? 

Ans. Excessive pressure, beyond the limit for 
which the boil-ir was designed ; by bad workman- 
ship in pi'nchin^ and riveiitig the sheets ; by bad 
material used in the construction of the boiler ; by 
the collection of mud and scale ; and by bad design 
in which the 'joiier may not be properly strength- 
ened oy stays and braces. 



Ques. Have you any particular '■ theory " a 
plosions f 



a boiler ex- 



•A preas despatch froni Haverhill, llBBg,, [ells of a hundrsd horse power 
boUer which recently sailed ima ti.e air like a sty rocket, paused for an 
Instant, theii exploded wiUi a deafcning report and b cancuaaiou which 
dlook the dty like an earthqualte, ond great pieces of iron flew In oil 
toections. The cause of IhiaphenomeTion i; stiid Vi have been that thp 
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Ans. No. I simply consider an explosion the 
natural consequence of ** letting go" of the forces 
locked up in the steam and hot water, when sud- 
denly released from the power of resistance in the 
generator — being like the **popping"of corn, where 
the moisture of the kernel is turned into confined 
steam by heat, until the pressure becomes too great, 
when an explosion takes place which shatters the 
grain. 



QVXBxmm Aim asswxbs. 
Qaestions and Answers Relating to Firing. 

QsM. How thick should be the body of coal in the fur. 

Ans. The thickness of fire to be carried depends 
altogether on the draught. If the draught is strong 
it should be heavier than when it is weak, and a 
bituminous (soft) coal fire should be thicker than 
one of anthracite (hard) coal. For hard coal foui 
to six inches should be the depth, and for soft coal 
six to eight inches. 

I^nes. How should the coal be spread ? 

Ans. It should be kept spread evenly all overthe 
grate, and not allowed to burn in holes, leaving the 
bars bare, as the cold air will rush in and chill the 
heating surface. 

Qnes. What is the proper way to clean a fire ? 

Ans. Take a hoe and push the upper part of the 
fire back, leaving the clinkers, ashes, etc., on the 
grate ; then pull the ashes, etc., out with the hoe. 
To clean the back end of the grate, you pull the 
good fire forward again, and draw the clinkers and 
ashes of the back end aver the fire, and into the ash- 
pan. Having cleaned it, you must spread the fire 
evenly all over the grate, and then cover it over with 
fresh coal, but not loo heavily. Care must be taken 
with anthracite coal, not to let the fire burn loo low 
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before cleaning it, or else you will not have fire 
enough left to cover the grate, and it will die ouL 

(faes. Can you add anything else about firing ? 

Ans. Whatever is done to a fire should be done 
quickly, and the furnace door be kept open no longer 
than necessary. No two fires should be cleaned at 
the same time. A soft coal fire needs breaking up 
at short intervals, as it has a tendency to amalga^ 
mate, or crust over on top ; but a hard coal should 
not be broken up with the bar. All that is necessary 
to clean it of ashes is to run the slice bar over the 
grate, and withdraw it without breaking up the fire^ 

Qnes, In case of a fire threatening the destruction of the 
whole establlHhment, what ie the first thing to be done ! 

Ans. The fire under the boilers should be drawn, 
and the safety valves propped open, so that no explo- 
sion may take place after the place has been left, this 
being done for the safety of the eugineers, firemen 
and others. 

<{iies. How would yon fire a locomotive T 

Ans. I would distribute the coal — after the fire 
is well started — evenly in a strip about a foot wjde, 
along the side-sheets and in the corners, being care- 
ful that there are no holes along the side-sheets and 
in the corners. This leaves a strip across the fire- 
box, from the fire-door to the fiue-sheet, that 1 do 
not put any coal on. 

QneB. Uow does the coal get into the center i 
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Ans. When the coal is put into the fire-box the 

heat soon drives the gas and other matter out, con- 
verting it into coke, and coke being very light the 
draft will carry it to center of fire-box. The corners 
and along the sides being a little higher after coal 
has been put in also aids the draft. The fuel fur- 
nished to this strip being coke, it takes very little 
air to burn it, and the draft drawing the gas from 
the sides to center of box gives more chance for air 
and gas to come in contact and burn. 

Qnes. Has this method been tried or is it a theory t 

Ans. It has been tried and it is claimed that a 
saving of lo per cent, can be made. 

Qnes. What should be the first aim in firing ? 

Ans. To keep an even pressure on the boiler; 
to adjust the firing to the work demanded of the 
engine. 

Qnes. What other general rule would yon reconunend ! 

Ans. To handle the fires, the water supply and 
the management of the steam without sudden 
changes^allowing always a sufficient time for the 
different forces to adjust themselves to their changed 
conditions. 
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Questions and Answers Relating to the Cir- 
culation of Water in a Boiler. 

({nes. Wliat m circulation of water in a 
boUer? 

Ans. When a body of water is 
heated through the shell of a boiler a 
movement lakes place, and the heated 
particles rise to the top, and the 
cooler particles from above take their 
place. These particles of water do 
not move the same in all parts of 
the boiler, in some portions the 
movement will be upward and in 
other portions downward, and in this 
way the circulation in a boiler is pro- 
duced. 

Qnes. What particular force, or energy, 
produces this movement 1 

Ans. Heat. The movement of 
the water is due to the difference in 
weight of the particles. The water at 
the bottom becomes heated and 
expands in consequence, and thus 
becoming somewhat lighter than the 
colder particles, is forced upward by 
the greater density of the cold water 
above. In this way, too, heat is 
diffused throughout the whole body 
of water in the boiler. 



Note.— Tho ci 
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Qnes. 

Ans. Yes. The columns of rising steam obtain 
great physical power, violently and mechanically 
forcing upwards the water which comes in their 
way. 

or COlui 

Ans. The flues and water spaces in boilers should 
be so arranged as to provide a regular and unre- 
stricted circulation of both the downward and the 
upward flow of hot water and the upward rush of 
the steam. 

IjacH. Where does the movement of the water begin ! 
Ans. At the bottom. 



I 



Ans. In the steam and hot 1 
buildings and work shops, etc. 



heating of 



tBHraZNEEHa' BXAMatATIOIfS. 



QuestioDS and Answers Relating to Combni 
tlon of Coal. 

IJneB. Whftt does the word combustion mesa T 
Ans. To burn, to kindle, to light, 
<{Bes. Before any burning of coal can take place vbat 

Ans. The coal must suSer the preparatory pro- 
cess of decomposition. It must be dissolved in 
minute particles of gas or coke. In the combustion 
of bituminous, or soft coal, there are two distinct 
operations, viz.: the distilling of the gas and its 
combustion, and the combustion of the remaining 
solid carbon or coke. 

Qnes. What part ia first consumed 1 
Ans. The gas. This unites with the oxygen of 
the air and burns first. 

Qnes. What bums next ? 

Ans. The coke, in the same way as the gas, i. e., 
the particles of the coke unite with the oxygen of 
the air and it in turn is consumed. 

Qnes. How is the gas ignited ? 

Ans. The heat under which the gas itself distills 
will always ignite it if the due admixture of air Is 

immediately obtained. 




QzrsanoKs ^my Airawsns. 

QnM. Ib it neceasaiy to have air admitted, and if a 
which is the best manner of Bupplying it to the fuel ii 
that it may be most effectively consumed ? 

Ans. Air is absolutely essential and is be 
admitted through the grate-bars to the furnace i 
innumerable fine jets, since gas and air mix only 
gradually. Air in bulk mixes only superficially with 
gas, and, by abstracting heat, cools the furnace. 
Gases to be thoroughly burned in the furnace must 
be intercepted at the start, else the combination, 
which is at best gradual, will not be completed in 
season. 

({neg. As to air entering the furnace above the bunaing 
fuel, is it desirable ! 

Ans, A proper amount of air (oxygen) entering 
the furnace above the fue! in small quantities assists 
somewhat in the combustion of the gases, but a 
great quantity is detrimental and injurious. 

QnPB. Is there any other theory about this ? 
Ans. Ves, It is claimed that if the fuel is not 
put on the grate in too thick a layer no necessity for 

such introduction of air is necessary. 

a the furnace is it an adrantage 
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Ans. Probably not. There are certain practical 
objections to heating the air supply for boiler fur- 
naces. First, for every 480 degrees Fahr. of added 
heat its bulk is enlarged by the amount of its 
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original volume, so that at 3000 degrees, the heat of 
the interior of the furnace, it has six times its 
original volume. It is. consequently, more unman- 
ageable; and as its contained oxygen retains the 
same weight, its mixture with the gas becomes more 
difficult, while when mixed it can only do the same 
work as before. It would be much better to con. 
dense the air than to expand it, Next, if heated by 
passing through flame or over burning coal, the air 
will be robbed of a greater or less part of its vital 
oxygen. This is a positive loss. 



T^BLB OF Heat of Combitbtion. 



irbon burned to carbonic | 

Carbon burned to oarboniu 

Anthracite 

Bitaminoua coal 

Coke 

Cannel coal 



14.500 
14,700 
14.000 
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Qnos. What is the combuetion chamber ) 

Ans. It is that space under the boiler where the 
burning or combustion of the fuel takes place. 

□ the coustniction of the 



Ans. It must be large enough, as the fuel before 
burning must be enormously expanded. It is said 
that a lump of coal the size of a man's fist or less, 
must be expanded so that it occupies a cube meas- 
uring nine feet each way— hence the combustion 
chamber must be very large indeed compared with 
the space occupied by the solid fuel as it is placed 
upon the grate bars. 

f^nee. Give the succeasive proceaaea of combustion aa 
developed in maJcing a coal fire. 

Ans. It is a progressive process, i. The match, 
by friction, ignites the phosphorus on its tip, at 150° 
Fahrenheit ; 2, this sets fire to the sulphur at 500" ; 
3, this causes the soft wood of the match to burn at 
800" ; 4, which in turn fires the coal at 
5, at this point the coal unites with the free oxygen 
of the air and carries the furnace heal up to 4,000°, 
more or less, and completes the process. 



Qdm, What is a combustibU T 

Ans. Something which burns — coal, oil, wood, 
are combustibles. 
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QDestions and ADswere Relating to the i 
struction and Strength of Steam BoUen 

Qnes. Of what m&terial are txdien buflt 1 

Ans. Of sheet steel, as owing to furnace im- 
provements this superior metal can now be made 
cheaper than wrought iron, and, moreover, mild steeL 

has proved to be the best. 



Ans. Riveting, although in certain cases the 
sheets have been welded, and in time this may 
I become the general rule. 

^^M tjnes. What are the two prlnoipal klnda of rlvediig 1 

^^r Ans. Two — single and double. Single riveting 
for the girth seams of the boiler and double for the 
lengthwise seams. In the latter the rivets form a 
zig-zag line at each joint or seam. 

Note.— THE AMERICAN BOtLEK MAKERS standud at 
rtrangth for bImI bailer plAte Is Aa rollowe : '■ TeoBlle SS.OOD La U/m 
lbs. per square I □ cb oC section ; eloDgation In 8 Incbee 9) per oeut. for 
plates % inch tblck and under; S£ per cent, for pUtes H inch to K 
Inch ; Z5 per cent, [or plates ^ incb and under. Specimen piec* mtut 
bend back dd itulf (cold) nltbout Iractare ; for platei oTer }i Inch 
thick ipeclmen mast withstand bendiiu 1M° lH way) round a nuuidrll 

11!^ times the tliickDci^ <•! the pliite. Chemical requirements : phot - 

phonis DOt aver .010 per ueiit. ; sulphur not orer .030 per ceat." ^^J 
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^BM. What suie rivete are lued in joining the aheeta t 

Ans. They are long enough to bend over and 
form a head, and of a diameter suited to the different 
thickness of the plates, fi, ^, J^, according to thi 
specifications for making a boiler when it is first 
constructed. 

e used in 

Ans. One-quarter of an inch ; this is the thinnest 
which can be caulked to advantage. 

les. What is caulking ? 

Ans. This is the closing of the seams after the 
riveting has been done, and is executed by a blunt i 
chisel ; when the work is done by a round nosed I 
chisel it is called " fullering." 

■tines. la a thin platfi better than a thick one I 

^Ans. It is said by practical boiler makers thai 
"the thinner the sheet — so long as it affords sufficient 
:ngth — the longer it will last under the varying 
strains to which a steam boiler is subjected, and that 
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■the caulking will also last longer and better. ^^h^ 

f :l)Dei. What are the flanges of a boiler ! ^^^| 

Ans. They are those parts which are bent over, ^^^ 
this is called flanging ; for example, the heads of the 
tubular boiler are turned over to be joined to the 
shell, OP body sheets. 
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<)iiM. Wliat are the " luga " of a boOcr T 
Ans. The lugs are the castings riveted 
side of the boiler which supporter "lug" it There 
nly three or four lugs on each side. 



(jaes. Suppose the water should fall below the lowest 
gauge cock, what is to be done ? 

Ans. If the fires are light, they should at once be 
hauled; but should they be heavy, the better plan is 
to smother the fire with fresh coal, dust, or ashei; 
out of the ash-pans. 

Qnes. What are the two principal methods of testing 

Bteam boUers ! 

Ans. There are two methods in general use, 

known as the " hydrostatic test " and "hammer test." 
The former test consists in filling the boiler with 
water, and then with a hand force-pump raising the 
pressure up to that which it is supposed the boiler 
will stand. The "hammer test" is applied in all 
accessible parts of the boiler, such as the shell 
flues, and braces, by tapping with a light hammer. 

Qnes. What is meant by the pitch line of riveted wc«k T 
Ans. The distance from center to center of the 
rivet. 

Qaes. How far from the edge of a sheet may a rivet hole 
be properly made ? 

Ans. A distance equal to the diameter of the 
rivet hole, i. e., the space between the edge of the 
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rivet hole and the edge of the sheet must equal the 
diameter of the rivet. 

Qnes, Does the removal, or punching out, of the metal 
for the rivet hole we&ken the plates and coneequently the 
boiler? 



Qnes. What is the rule aa to pitch of the rivets iB. view of 
this weakening ? 

Ans. There shall be the same strength of iron 
between the rivets as there is in the rivets themselves. 

i^nes. What is the most advantageous thickness of boiler 
plates ? 

Aos. It has been found by experience that a 
thickness of about }i of an inch is the most favor- 
able to sound riveting and caulking of boiler plates; 
and they are seldom made much thicker or thinner 
than that thickness; if more strength is needed in a 
boiler it is better to reduce the diameter of the shell 
than to increase the thickness of the plates. 

1}nes. Ib it luual to make the heads thicker than the ahellt 

Ans. Yes. Where the shell is ^ the ends arc 
made J^ inch, and in that proportion. 



Aas. The tube plate, because in it the ends ot 
the tubes are riveted and beaded. 
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()DeB. How many principal kinils of ■earns are there in 

btnlers i 

Ans. The "lap" and the "butt" joint, the 
names of which signify the way in which the sheets 



Qnes. How do you ascertain the atrength of a rivet«d 
eeam? 

Ans. It is customary to multiply the tensile 
Strength of the metal by .70 or A for double 
riveted longitudinal seams and ,56 for single riveted- 

IJitM. Olve an example. 

Ans. If the steel plates have 60,000 lbs. tensile 
strength per square inch, then ^ of the square 
inch would be 22,500 lbs. — multiplying this by. 70 
gives 15,750 pounds as the strength of the double 
riveted scam. 

Or multiplying by .56 it gives 13,600 as the 
strength of the single riveted seam. 

i Beam compara to that 

Ans. The custom is roughly to consider the 

Strength of the single riveted seam to be one-half 
that of the solid sheet and the double riveted three- 
fourths, 

IJnei. When inspectors figure the allowable presiure upon 
a toiler how do they proceed ? 
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Ans. They take the strength of the seam and the 
Strength of the weakest plate. They also figure the 
size and pitch of the rivet. 

Qnes. Can you give a ehort rul« for determining the 
Btreagth of a boUer — taking the weakest aheet I 

Ans. Multiply the thickness of the weakest plate 
in the boiler by its tensile strength per square inch 
in pounds, and divide the product by one-half of the 
diameter of the boiler in inches, and multiply the 
product by .56 for single riveted longitudinal seams 
and by .70 for double riveted longitudinal seams. 

Qaes, What will be the strength of a boiler with J^ inch 
plates of BO.OOO lbs. tensile etrengtli, double riveted, and 
boiler 40 inches in diameter 1 

Ans. One quarter plate gives % of the strength 

of the square inch of section = 12,500 ; divide this 
by }4 {-ji 41^ 'n. diam.) 20 = 625 lbs. This would be 
for a solid sh?et; for double riveted multiply by 
i« = 437'fiSi ibs. total strength. 

<laes. Would tnepectorB allovr this s 
Donledt 

Ans. No, for they have, by law and custom, "a 
factor of safety," which only allows one-fourth to 
one-sixth. 

Ones. With a factor of six, how much will be allowed i.> 
this case! 

Ans. Aboul 75 lbs. 



1 
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<{aeiL With a factor of fiye, bow much t 
Ans. About 85 lbs. — the figure being approxi- 
mated by the inspector — if needed. 

Qaes. 'What have jrou to say as to gntle ban f 
Ans. When the furnace is more than four (4) 
long the bars should be put in jn two lengths, but ii 
it is four feet or less la length, one bar will suffice, 
in which case only two bearing bars will be required. 
When a center bearing bar is used for two lengths, 
it should be made like a double grate-bar — that is, 
with an opening or air-space in the middle. Grate- 
bars when hot expand considerably, and therefore 
they should not be put in tight, or too close together, 
but should have end and side play, otherwise they 
will bend and twist out of shape and soon be 
destroyed. 

<{neg. Doea heating a boiler In the regular "firing" 
weaken or stren^^ien it ? 

Ans. It strengthens it, because wrought iron 
heated to a point less than 600° Fahr. increases in 
strength, and as at zoo lbs. pressure on the boiler per 
square inch the temperature is less than 400°, it fol- 
lows that it grows stronger.* 
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Qoestions and Answers Relating to the 
Physical Properties of Steam. 

Bl)neB. What is steam T 

Ads. Steam is an invisible elastic fluid, or water, 
brought to the state of gas by the application of 
heat. 
l^aeB. What is live steam ? 

Ans. Live steam is steam under pressure and ready 
to do work through the agency of the steam cylinder 
tfOr for healing, boiling, etc. 
^■'jQnes. What is dead st«am ? 

Ans. Dead steam is the opposite of live Steam 
— such as exhaust steam or the vapor which fills the 
steam generator before there is any pressure. 
Haea. What is dry steam ! 

Ans. Dry steam is that which holds no water in 
__iBpension. High pressure steam has been proved 
'T>y experiment to be dry like dust. 

is being con- 
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IJaes. Why is steam iuTiaib 
densed 1 

Ans. Like many othei 
quality of invisibility. 

4{neB. What is saturated &te 
Ans. This is steam ur 



except a 
gases it possesses the 



' pressure in contact 



with water in the boiler; its condensing point agrees 

with the boiling point of the water on which it r 
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Ans. li contains the same elements as the water 
of which it is formed, /. e., two gases, oxygen and 
bvdrogen. 



({aeR. Id what proportions do these e 



Ans. One part of oxygen and two parts of hy- 
drogen, but in weight the hydrogen is the lightest. 



AnS- Yes, because these two are simple bodies in 
themselves, while found in thousands of combina- 
tions with other original elements. 

IJnes. If wat«r is confined in a boiler, and the vessel en- 
tirely full, and then heated to a high temperature, will there 
be aaj steam formed, 

Ans. No, because steam requires space in which 
to expand. 

({npH. Bow many timee is water expanded in being 
changed into steam at the pressure of the atmosphere T 

Ans. Into sixteen hundred and sixty-nine times 
the volume ; or roughly, 1,700 times. 

(Jnei. What occurs in the expansion when a preeaure is 
placed upon the boiler t 



NoTB.-Wster In colorloss, trariBparent, desUtnto ot Uf 
Hmell. It has its mUMlmum (lensity at 38 Fahr. and changw lo 
under the ordtnary atmogplieric preasore at SIS Falir. and to li 




QUBSTlOrfS ASD AN8WEB8. 

Ans, It expands according to the pressure. The 
greater ihe pressure the less the volume. This is 
given in tables carefully computed; at a pressuie of 
150 lbs. to the square-inch the volume is reduced 
to 284. limes, and at 300 lbs. pressure to 96 times. 

Qnes. What is superheated ateam I 
Ans. When steam is separated from the water 

over which it was formed, and afterwards re-heaied 
to a higher temperature than the water and steam 
it becomes superheated steam. 

Qaes. Which is the heaviest, a pound of steam or a pound 



Ans. A pound of steam is the same in weight as a 
jound of water. It is good form to say that the 
;ngine uses " so many pounds of steam " instead of 
io many pounds of water. 



I^r«. 



Which is the heaviest at e 



: presBure, 



Ans. Steam is the lightest, because it always 
rises. It is about two-thirds the weight of air. In 
the tables it is put down at .625. 

OaeS. When air is confined with steam inside the boiler 
iritdtdi is then the heaviest ? 

Ans. Both being under more than atmospheric 
pressure (14 lbs. to the inch), air will be the lightest 
because its rate or ratio of compression is greater 
i, e., steam compresses more readiiy than air. 
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THE STEAM ENGINE. 



While mat^hines may vary greatlf in different particulanti 
the laws of matter are the same, and will remain unchangetl 
for nil time : hence it muBt l>e borne in mind that succeea in 
the <U«i^, care and management of an engine, 
what may be its size, kind or use, can only be achieved 1^ 
a close oliaervance of the fundamental lawa which govi 
the formation and use of steam. 



All steam engines may be divided into two great classes, 
wvoniing aa they are or are not provided with apparatus for 
condensing the steam. These classes are; I, condensing, or 
low pressure engines; 2, non-condensing, or high pressure J 
enginc«. 

Engines of the second class are on the whole less e< 
leal of fuel than those of the first class, but, having fi 
parts and occupying less space, they are much used w 
simplicity and compactness are conaidered of more ii 
tauce than fconomy of fueL 
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A second mode of classing steam engines is founded o 
which steam acts on the piston, and is as follows: 



Single acting engines, m which the steam perfor 
'work by its action on one side of the piston only. 



THB STEAM SHallTE. 

Double acting enginea, in which the ateam e 
[ «nergy on either side of the piston alternately. 

Rotatory engines, in which the at*ani drives a revolving ] 
piston round. 

A third mode of classification diBtingiiishee engines into — 

1. Non -rotative, in which no continuous rotation ia pro- j 

duced, aa in single acting pumping engines, steam hammen, i 



Rotative enginea, in which the motion ia finally c 
I'tntuiicated to a continuously rotating shaft. 

Rotative engines are now the moat common. Non-rota: 
|,«iigiues are exceptionaL 

A fourth mode of classing engines is founded on their { 
rpOipoHes, aa follows; 

Stationary engines, such as those used for pumping 1 
f water, for driving manufactory machinery, etc. 

Portable engines, which can be moved from place t 
t idnce but are stationary when at work. 

8. Marine engines, for propelling vessels. 
4 Locomotive engines, for propelling vehicles on land. 
Stationary enginea esiat oi all the clasaes belonging to the 1 
e previous modes of claaaification. Portable enginea are 1 
KllBVially non-condensing, to save space, and to adapt them to j 
Wtuationa where injection water cannot be obtained in 

mt quantity. Most of them are also double acting and 

Cative. Marine engines are in general condenaing, doublo 

Bftoting and rotative. Locomotive engines b 

Fijensing, and are all double acting, rotative and often c 



md often com- ^^m 
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Qnet. Is air confloed in the boiler with steam considered 
hurtful or dangerous T 

Ans. No, as with the immense volume of steam 
being formed and used through the engine it soon 
passes oil!. Some engines are altogether operated 
by compressed air. 

(foes. What is wet steajn 1 

Aos. Steam full of spray — or with water mechan- 
ically suspended in the steam. 

Qdcb. What is the difference between high and low preB- 
sure Bteam ! 

Ans. High pressure steam is commonly under- 
stood to mean steam used in high pressure engines, 
and low pressure steam is that used at low pressure 
in condensing engines, heating apparatus, etc., at 15 

lbs. pressure or under. 

Qnes. At what temperature does water evaporate ? 
Ans. Water evaporates at all temperatures above 
freezing point, and boils at ziz". 

Qnes. What is absolute pressure of steam ? 

Ans, Absolute pressure is its pressure estimated 
or reckoned above vacuum ; or the steam pressure 
shown by the ordinary steam gauge with the pres- 
sure ot the atmosphere added ? 

Ones Wliat is initial pressure t 

Ans. Initial pressure is that in the cylinder of 
an engine at the beginning of the forward stroke of 
the piston. 
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QuM. What ia terminal preeaure t 

Ans. Terminal pressure is that which would be 
in the cylinder at the end of the stroke of the piston 
if the exhaust valve did not open until the stroke 
was finished ? 

ifnes. What is wire drawing t 

Ans. Wire drawing is the operation of reducing 
ihe pressure of steam between the boiler and 
the cylinder P 

QnCB. Does the change from water to steani, hy the ap- 
plication of heat, aSoct the relation of the particles of the 
different fluids ? 

Ads. As water, the particles are strongly co- 
hesive, but as steam the particles are repellent. It 
is this repellant force existing among the infinitely 
small atoms of steam which appears to give the 
energy lo the mass of steam and renders it service- 
able. 

QaeR. Does this change mean anything looked at as 
power t 

Ans. The fluid, as water, is inexpansivc, but the 
change to steam gives it energy or the ability to do 
work by the reason of its great expansive or elastic 
tendency. 

<jnes. Has the process we call boiling anything to do wiili 
Bteam! 

Ans. Yes, Boiling is caused by the formation 
nf steam particles ? 
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While machmes maj vary greatly in different particularB, 
the laws of matter are the Bamc, and will remain unchanged 
for all time ; hence it must be borne in mind that success in 
the design, care and management of an engine, no matter 
what may Iw its size, kind or use, can only be achieved by 
a close observance of the fmidamental laws which govern 
the formation and use of steam. 

All steam engines may be divided into two great claeses, 
according as they are or are not provided with apparatus for 
condensing the eteam. These claaees are; 1, condensing, or 
low pressure engines; 2, non-condensing, or high ] 
engines. 

Engines of the second class are on the whole U 
leal of fuel than those of the first class, but, having fewer 
pwta and occupying less space, they are much used where 
simplicity and compactness are considered of more impor- 
tance tlian economy of f ueL 

I A second mode of classing steam engines is founded on the 
way in which steam acta on the piston, and is as follows: 
wo 



Single aoting engines, in which the steam perfc 
work by its action on one side of the piston only. 
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3. Double acting engines, in which the eteam ( 
energy on either Bide of the piston alternately. 

Rotatory engines, in wliich theBteamdrivesarevolving I 
■'jHston round. 

A third mode of elaesification distinguishes engines into — 
1. Non-rotative, in which no continuous rotation is pro- I 

Kduced, as in single acting pumping engines, steam hammers, J 
etc. 
S. Rotative engines, in which the motion is finally o 

(mnnioated to a continuously rotating shaft. 

Rotative engines are now the e 
^engines are exceptional. 

A fourth mode of classing engines is founded on their ] 
'purposes, as follows : 

1. Stationary engines, such as those used for pumping 
'■water, for driving manufactory noachinery, etc. 

3. Portable engines, which can be moved from place to 
but are stationary when at work. 

8. Marine engines, for propelling vessels. 

4. Locomotive engines, for propelling vehicles on land. 
Stationary engines exist of all the classes belonging to the 

three previous modes of classification. Portable engines are 
usually non-condensing, to save space, and to adapt them to 
situations where injection water cannot be obtained in suffi- 
cient quantity. Most of them are also double acting and 
rotative. Marine engines are in general condensing, double 
acting and rotative. Locomotive engines are all 
densing, and are all double acting, rotative and often 
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n eagtoe there fu 



I paints to observe 



^^H Any inteUigent engineer lias obeerred that his engine has 
^^H mn Individuality not poesesaed by any other, and a personal 
^^H Boqutuntance with ita peouliarity is quite necesHaj-y to obtain 
^^B file bestresulta from it This remark applies with equal or 
^^V greater forc« to the Bt«am boUer and steam pump, and the 

anccessful engineer or fireman ia tlie one quiokeat to under 

stand "the points "of his machinR 

Great progreaa haa been made in the art of engine building 
oince the introduction of electric ligbt and power plants and 
every indication is that etill greater perfection will be gained.* 



In the selection of 
relating to it before 
Its simplicity. 
XL Its atrengftli. 

Ill, Durability and least wear. 

IV. Economy in the use of ate 
V. Regularity of speed. 

TL Fitness for its work. 
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QuHtlons and Answers Relating to the 
Steam Engine. 

" Quea. Along what lines has tlie lateat development of 1 

steam engines been carried? 

Ans. There is a steady progress in the produc- 
tion of stronger, more rigid engines, using higher 
steam pressure and to run at higher speeds than 
now. The automatic cut-off is rapidly displacing 
the old throttling engine, and much attention is 
paid to condensers and the compounding of steam. 

Qaes. What cause haa operated to produce the neceasity . 
For stronger and more rigid eugluea and larger bearing si 
face? 

Ans. The higher rotative speeds and heavier' 
loads. A speed of 160 revolutions per minute or 
1120 ft. piston speed has been recorded in a 30x41 

. Corliss engine. 



Which engine holds first rank aa the moat o 
li and generally eatiafactorj type? 

Ans. The Corliss. 



({ncB. In -what caaea haa the compounding in the Cktrlias 1 
sugLue been found advantageous? 

Ans. Where large power is demanded, 
smaller powers the ordinary simple expansion eQgme4 
bas been found sufficiently advantageous. 
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aiato which 

Ans. Throttling and automatic. ^^H 

Qaes. Where is the difference! ^^^| 

Ans. In the principle of regulation in supplying 
the steam from the boiler to the engine by auto- 
matic or throttling valves. 

Qaes. Which is the oldest BjBtemT 

Ans. The throttling principle was almost uni- 
versal until Corliss introduced his automatic cut-off 
engine, which he made an immediate success by 
guaranteeing certain results from the use of a speci- 
fied amount of fuel. 

QneB, What is ^e advantage of the automatic cut-off aa 
claimed by engine Tiiiilders? 

Ans: It cotnes from the fact that most steam en- 
gines are subjected to variable loads, and quite 
generally some difference in steam pressure. The 
nomjpal point of cut-off varies with the load, 
and ^e automatic cul-off governor so varies the 
amoiint of steam as to secure the best results, pres- 
^re being constant 

Qnes. In wliat places are the throttling valve engines 
widiout objection? 

Ans. Where there are but little variations, either 
in the pressure of steam or in the duty to be p 
formed. 
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QUESTIONS AlfD ANBTf^BS. 



f ^nes. What can be said about Bimplicitf in aa enginBT 

Ans, It is always a point of great importance to 
build an engine containing the least number of parts 
and the simplest elements attainable in construction 
and design, such as the form of frame or bed, piston 
head, packing rings, cross-head, guides, connecting 
rod ends, valve gear, valves and regulating appli- 



QneH. What about the strength of an engine? 
Ans. All parts should be so proportioned as to ■ 
insure the greatest durability and to prevent tremors j 
lAiid strains. 

^ Qnes. "What about the point or durability? 

Ans. The least variation in the line of the en- 
gine, a slight settlement of the foundation, unequal 
wear of a bearing or failure of oil to flow but for a 
moment, will cause parts to heat, wear and ulti- 
mately fracture ; hence the new engine should be 
speeded only as fast as will enable the mechanism 
to continue its work with the least wear and stress, 
thus avoiding the error (now exposed) that the rate 
of speed of a perfectly constructed engine is unlim- 
ited. 
Qnes. What caa you saj about economy in the use of 

Ans. This is a subject of vital importance and 

relates to the distribution of the steam in the 
cylinder. It embraces the least amount of clearance 
I or dead space consistent \ 




vhh ih 




SyQINEERS' XSAMIXATIOim. 



1 



of the engine, prevention of the loss of heat from the 
steam in the cylinder, an initial steam pressure in tho 
cylinder equal to the boiler pressure; a minimum 
back pressure ; rapid action of the admitting and 
ting off edges of the valve ; a proper amount of 
cushioning ; and last but not least, a fitness of the 
engine for its work, in size and the character of the 
valve gear. 

({nes. Is regularity of speed in au engine of importanoe? 

Ans. One of the most essential features of a 
good engine is regularity of speed under varying 
loads. A high attainment in this respect is a vari- 
ation of only 3 per cent, in two revolutions. 

Qiles. What have you to say about the fitoesB of an en- 
gine for ita proper work? 

Ans. It is of the utmost importance to choose 
an engine of the proper size and character to suit the 

■work it is intended for. It is folly to purchase a 
fixed cut-off engine for greatly varying loads ; it is 
also poor economy to apply to a small steady load an 
expensive automatic cut-off engine, or one so large 
that the ratio of expansion becomes excessive and 
exceeds the limit of economy. Each steam plant 
requires its special engine to be of the proper pro- 
portion. 

Quee. What ia "cIearanoo"T 

Ans. Clearance in a cylinder is the space allowed 
for the piston to clear the cylinder heads at the end 
or beginning of a stroke. 
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Clearance is also a term used to include also the j 
volume of the pons. It is evident that this space, 
as well as the space through which the piston sweeps, 
has to be filled with steam. 

({dm. What 19 "lead"T 

Ans, Lead is the amount of the opening of the 
steam port at the beginning of the stroke of the 
piston, sometimes called pre-admission, 

Qnes. How would you give a valve its lead? 
Ans. Place the eccentric sheave ahead of its ti 
position. 

Qnea. To out the steam off at a given part of tlie stroke 
liow would you alter tlie valve? 

Ans. By making the width of the face of the 
valve larger or smaller, as the case demanded. 

What would you call this theu! 

"Ans. Lap or cover. 

<JneB. What ia the " lap " of a valve? 

Ans, The " lap " is that part of a valve which is 

more than necessary to cover the steam ports when 

the valve is in mid-position. 

Qne§. Ia there any lap on the exhaust calve? What ii 

Ans. There is exhaust lap and It is how much 

the edge of the exhaust valve is over on the cylinder 

bar beyond the exhaust edge of the port whui the 

Valve is in mid-position. 
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<{aM. "Why do we bave lap on the exhaust edge! 

Ans. To get larger cushion. 

({nes. What kinds of engines call for this? 

Ans. Those of great size and weight having 
short and very quick travel. 

Qaes. Why is " lap " given a valve at all? 

Ans. To close the port before the piston reaches 
the end of the stroke, and thus malce the steam work 
bv its expansion. 

tfacB. What is the difference between fixed and morafale 
expansion! 

Ans. The first is expansion by the lap of the 
valve, and the second is expansion Dy separate gear- 
ing or valves. 
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Ans. The "link." 

QneB. Does the piston stop at any point of the strokef 

Ans. Yes ; when passing the centre. 

Qnes. What is tho operation of the slide valve? 

Ans. To allow the steam to flow alternately first 
at one end and then to the other of the cylinder and 
open the opposite port alternately to the exhaust 

Qnes. What is the object of a crankf 

Ans. To convert a straight line motion into^i 
circular one. 
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Ques. Describe the duties of 
to the positions of the piston 'I 


a slide valve 


with reference ^^H 


Ans. 

pushing 
elled to 
on, for 


Steam is flowing 
; the piston, then w 
1 any part of the si 
cut-off the valve m 


into the 
■ hen the pis 
Toke befon 
lust close tl 


cylinder and ^^| 
ton has trav- ^^H 
; determined ^^H 
le steam port ^^] 


to cause expansion; it must again opei 
the exhaust just before the piston a 
end of the stroke so as to release 
steam, it must close the exhaust a 
the piston arrives at the other ei 
cushioning and just before the end o 
it must open the steam port to co 
new stroke. 


1 this port to 
rrives at the 

the exhaust 

little before 
id to cause . 
f the stroke, ^H 
mmence the ^M 




What do we mean by a " vaouimi " 


m 


^Bads. 


Any space void of 


all pressure. ^^H 


■ qnes. 


Is an absolute "vacuu 


m " obtainable t ^^H 


^B Ans. 


No. 




^H 


BiS^l 


Does the condenser ha,ve anything 


near a perfect ^H 


^H Ans. Yes, quite near; 
^^Knall pressure there. 


but there 


always a ^H 


Hi).«i. 


To show 11 lbs. what nmst the vacuu 


m gauge read ? ^^| 


^1 Ans. 


3s inches. 




H 




"What does U Iba. ve 

t- 




to aBteamen- .^^H 
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Ans. It means that he can work his steam down 
to 4 lbs. before it exhausts, as the condenser has 
destroyed ii of the islbs. atmospheric pressure at 
which the steam would usually exhaust. 
<jneB. What is implied by the term "back pressure" J 
Ans. As perfect vacuum is impossible, a certain 
vapor retards the piston equal to the distance be- 
tween a perfect vacuum and what the gauge reads, 

IJnes. What is tbe diSerence between a. high and low 
pressure engine 1 

Ans. The first exhausts into the air, having no 
condenser, while the second exhausts into a con- 
denser, thus saving the pressure against the atmos- 
phere. 

IJneB. What is a compound engine! 

Ans. An engine built with two cylinders, a high 
and a low, to get more expansion. ^J 

Qnes. How do tbej contrive to do this t ^| 

Ans. By using a higher boiler and pressure be-** 
sides the usual high pressure cylinder, a large 
second cylinder, where the steam has additional 
room for expansion before escaping into the con- 
denser. 

Qneg. Does water ever get into the cylinder, and what 
happens when it does Y 

Ans. Sometimes water gets in through priming 
apt to split the piston or blow ofi the cover 
of the cylinder. 
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Qnes. Con jou get rid of this water t 
Ans. Ves, by the escape valves. 

Qnee. How can you reverse the motion of a slide valve 
onglne! 

Ans. ist, place the engine on the dead centre, 
noting the amount of lead on the valve, zd, slack 
up the set screw of the eccentric and turn it ahead 
(same way it has been running) on the shaft until 
the valve has moved to the extreme of its travel. 3d, 
move it back until it has the same lead as before, 
and tighten the set screw. 

ff shaft, how would you adjust 

Ans. Put the crank on its top center with the 
valve at its proper lead at the top. Nejit fasten the 
sheave with set bolts to keep the valve lead secure ; 
when all is connected, then, after a turn of the 
engine, see if the valve has the proper lead at the 
bottom when the crank is on the bottom centre. If 
such is the case, mark the key ways, and key on the 
sheave. 

Qnes. What is the cyUnder? 

Ans. The cylinder consists of a cast iron true 
bored chamber and a steam chest or valve box. 

Ones. What are the openingH from the steam chest to th« 
cylinder called V 



^H Ans. Steam ports. 
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Qbss. WHioh are the exhaust ports 1 
Ans. Those which open from the cylinder i nto 
the exhaust pipes. ^^^| 

QUM. WhatiBthe"Btufimg-box"I ^^H 

Ans. The "stuffing box" is that part of ihe 
cover through which the piston passes. It is ren- 
dered steam-tight by a filling or packing of tallowed 
hemp, etc. 

Ques. What is the "gland"! 

Ans. This is the cover which presses down 1 
packing against the rod, and is secured by two 

screwed bolts. 

Qaes. What is cylinder condensation? 
Ans. It is that portion of the steam which con- 
denses and is deposited on the metallic surface of 
the cylinder when the cylinder is colder than the 
steam entering it. 

4}iieB. Does this moisture remain in the cylinder? 

AoSi No. It evaporates on the opening of the 
exhaust, thereby cooling the walls of the cylinder 
i^ain. 

Qaes. "What is the result of aU this? 
Ans. The steam is lost and a back pressure gen- 
erated thereby. 



Is this loss very greatf 
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Ans. Yes, sometimes being as much as 50^ of 
the whole steam consumed, 

jaw. How can this loas be partly remedied ! 

"Ans. I. By "jacketing" the cylinder with hot 
steam, a. By " cushioning " or detaining and com- 
pressing (thus raising the temperature) a pari of 
the exhaust steam, using the heat thus generated to 
keep the cylinder hot, 3. . Compounding the 
cylinders. 

Qnes. How would you test for a leaky slide valve t 
Ans. Block the fly-wheel when the slide valve is 
in the middle of its stroke and open the indicator 
taps, or the relief cocks, or look at the exhaust pipe. 
A steady escape of steam indicates a leaky valve. 

IJnes. How would you test for a leaky piston T 

Ans. Block the fly-wheel when the piston is 
situated at a short distance beyond the beginn 
of the stroke. Admit steam to the piston and open 
the indicator tap, or relief cock, on the exhaust side 
of the piston. An escape of steam will indicate a 
leaky piston. The leak may be caused by a leaky 
slide valve, so this should be tested first. 



Ans. They should be turned partly r 
day. 
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1}iH. What should be done before titaiting *n enfniie T 

Adb. The stop valve should be opened a little, 
before the fire is lighted, so that, while the stcatn is 
being generated in the boiler, it may pass through 
the cylinders and jackets and warm them gradually, 
the temperature rising as the pressure rises. Mean- 
while all drain cocks from the slide jackets and 
cylinders should be opened to allow the steam to 
flow through, and the condensed steam to pass 
away. This will prevent the possibility of the 
cylinder cracking owing to sudden admission of hot 
steam against the cold metallic walls of the cylinder. 
This is especially important in cold weather. 

Qnes, How would you manage the drain cocks t 

Ans. The drain cocks, should remain open for a 
few revolutions till all water has been blown out of 
the cylinder, and then closed. ^^^H 

Qnes. How about the oil T ^^^| 

Ans. I would see that all the lubricators were in 
good condition, the holes clear, and the worsteds 
clean, and that the lubricators were well supplied 
with oil. 

Qnes. If a low precsure or condensing engine, how would 
.TOu proceed ? 

Ans. If a condensing engine, the vacuum gauge 
should be watched ; and, if the vacuum is not main- 
tained, the injection, or circulating water, should be 
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regulated. If this does not produce the desired 

effect, there is probably an air leak through the 
piston-rod gland, or the air-pump-rod gland, which 
should be screwed up; and, if the vacuum is still 
defective, the cause must be looked for in the foot ) 
and head valves or the air-pump bucket valve (if any), 
or in leaky condenser tubes. 

Qnes. How is the horse power of steam enginee deter- 
mined? 

Ans. By the following rule ; Multiply the area 
of the piston In square inches by the average force 
of the steam in pounds and by the velocity of the 
piston in feet per minute; divide the product by 
I, and in of the quotient equal the eSective 



QneB> How is the "average force" of the a 
cylinder, or, as it otherwiae ia 
found T 



Ans, The mean effective pressure can be accu- 
tately determined only by the aid of an indicator. 



I 4)neB. Without the aid of an indicator how do you pro- 



^K l)nei 

■^' 

^^^* Ans. When the indicator is not used in the cal- 
culation the boiler pressure is substituted for the 
mean effective pressure. Deduct from the result 
obtained from 40 to 60 per cent, for loss by conden- 
» sation and friction of steam pipes and passages 



^^» sation 
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decrease of pressure in cylinder due to expansion, 
back pressure of exhaust and friction of the working 
parts* J 

1^«B. How do you proceed vith a compound engine T ^H 

Ads. By the same rule applied to each cylinder-^! 
adding the totals together gives the power of the 
whole. 

Qliefl. "What are compound enginea ? 

Ans. Compound engines are those which have 
two or more cylinders of successively increasing 
diameters so arranged that the exhaust steam from 
the first and smallest cylinder is passed forward to 
do work in a second cylinder before escaping to the 
condenser. 

Qaes. What are the particular adTantagee claioied hy 
oompounding ? 

Ans, I, The compound engine enables the full- 
est advantage to be taken of the expansive power of 
very high-pressure steam ; a. The ease with which it 
may be adapted to work on one or more cranks, 
thereby reducing the excessive variation of strain 
which occurs in a single cylindered engine using 
high pressure steam. 
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lea. How m&y compaimd engines be classified T 
Ans. Into those, i, where the piston of each 
cylinder commences the stroke at the same time ; 
and those which exhaust from one cylinder before 
the next cylinder is ready to receive it ; in which 
case the steam is retained, for a portion of the 
stroke, in a chamber or receiver between the 
cyHnders, These are termed "receiver" engini 

Qaes. What is to be said about triple and quadruple 
expansion engines ? 

Ans. The principles which govern the c 
tion and management of the compound 
same in the triple and quadruple expansion engines 
namely, those in which the steam is expanded in 
three or four cylinders respectively. These are the 
necessary outcome of increased pressures of steam 
for, since the terminal pressure is about constant, 
increased pressures involve an increased number of 
expansions. And in order to prevent undue range 
of stress and temperature, three and even four cylin- 
ders are now employed.* 

■Thus the same reiunns whicli. led tn the rejection of tbealogle- 
cylinder eiytiiio In favor ot the two^iylinder compound, have now led 
to the rejectloaol the Iwo-cyllnder englae (atlfast.ln marine n-ork), 
and the adoption of the triple-compound, and in aoroe casea the 
quRdrople compound In Its atrad. The steamer " N'orthweat "— 
Buffalo to Dutnth— has enelnes ot the tioadruple rrllodor type and 
are worked at a001b9.sleampreHBarB,thecylinderBbBlne2fi",3B",fllJi". 
Tl" by 42" platon stnilie, llWrerolntlons, developing with ease 7,000 H. 
P. The Bcrens (twin) are 13 feet diameter, IB leet pitch, (uanrlnB 
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P. The Bcrens (twin) are 13 feet diameter, IB leet pitch, (uanrlnB i 

^^^Mveed of over SO mtleB per hour. ^^^^ 
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ENGINE AND BOILER FITTINGS. 



lu the eedcient ojieration of a steam plant, next to a well 
Bet boiler or boilers with a. good draugbt, there cornea an 
economical, Btrong and Buitably proportioned engine — one or 



But, not leae an importanoe and real neoeasit^ there must 
be the connectiona, Attings and appliances, in the Eelection of 
which equal care and good Judgment must be brought into 
play. 

In the choice and arraDgement of these fixtures the first 
thing to be observed ia that they shall be of the very best of 
their kind as far as may be possible. 2d, each appliance 
BhouJd be in fair proportion to the other parts of the plant — 
neither too large nor too email, and 3d, they should be well 
and thoroughly "fitted" — thi* skill of a good engineer la 
shown in this as much as in Getting a main valve or putting 
a''8pectaclepiece"on a boiler. 4th, every appliance should 
be kept in the best of working order and in the neatest con- 
dition with foresight alao as to their giving away at an 
unexpected moment. 

The latt«r consideration imphes the keeping on hand, as 
far as practical, of duphcatea of all fittings and appliances, 
both in the engine and boiler rooms. Especially is this well 
where ' ' the plant " is not in the vicinity of suuyi-r, an J supply 
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Questions and Answers relating to Engine ] 
■_ and Boiler Fixtores. 



Ans, The safety valve ; globe and check valves j 

steam gauge; the front, containing tube, fire and 
ash pit doors ; grate bars, with bearing bars ; dead 
plates; man and hand hole plates and thimbles; 
water gauge cocks and glass gauges ; blow-out 
apparatus ; fusible plug ; surface blow cocks with 
scum apparatus ; steam whistle; and for the brick 
work, binder bars, anchor bolts, back stays, cleaning 
out doors, and lugs to support the boiler. 

Qn^a. What other appliances can jou name necesaary to 
complete the operation of a steam boiler ? 

Ans. The pump or injector; the feed water 
apparatus with piping of various kinds ; the steam 
pipe (with globe valve) leading to the engine ; feed 
water heater; steam-trap; thechimney and damper; 
the fire-tools, fiue brushes and scaling tools, with the 
hose to wash out the boilers ; water meters ; strain- 
ers and foot-valves for clearing the water before 
entering the boiler. 

t{neB. What are thimbles in use on boilers 1 
Ans. These are the heavy castings riveted on 
the upper shell of the boiler with flanges planed to 
which to bolt the safety-valves or pipe connections J 
— a thimble in gas pipe definitions is " a connei 
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({nes. What is a. globe valve T 

Ans. A globe valve takes its name from its shape. 
It is a valve in a round chamber, 

Qoes. How should globe valves be attached t 
Ans. So that the pressure comes under the valve, 
or at the side, for if the valve should become loose 
from the steam (which they often do) if the pressure 
is on top, there would be a total stoppage of the 
steam. 

(Jues. "What ia a valve * 

Ans. A valve has a seat and is generally turned 
by a circular handle fitted to the spindle — the best 
example of a valve is that of an ordinary house 
pump, where the valve opens upward to admit the 
ind closes downward to prevent its return, ^m 

Qnes. What is a cock T ^^M 

Ans. A cock is a valve but a valve is not a coc^^ 

— the cock is a cone-shaped valve slotted and fitted 
with a handle— example : the try-cocks of a boiler 
are cocks with their openings in line with the blow- 
off pipes. 

(fneB. What Is a relief valve ? 

Ans. It is a valve so arranged that it opens out- 
ward when a dangerous pressure or shock occurs. 

(fnea. What ia a baek preaeure voIts I 





Ans, These are ball (or clack) valves in a pipe 
instantly assume the seat when a back press- 
ure occurs. Their name signifies their use — to 
maintain a constant back pressure in heatinj; 
systems, 

ffata. What is a three-way oock i 

Aas. It is one having three positions in which to.J 
jSirect the fluid in three ways. There is also a three- ^ 
Way valve. 

Qnee. What is a check valve t 
Ans. A valve placed between the feed pipe and fl 
^e boiler to prevent the return of the water, andf 

^oiilar uses. 

I Qaes. What ia a ball valve ? 

Ans. It is a valve occupying a hollow seatTI 
These valves are raised by the passage of a fluid and j 
closed by their own weight. 

L Hues. What is the throttle valve ! 

I Ans. This is the valve used to admit st 

:ngine and so used (in stationary service) t 
Sdistinguish it from the main stop valve located r 

ihe boiler — to throttle means to choke — hence th6^ 

iirottling of the steam. 



I Hats. What is 

Ans. This i 
tsigaed to reduce the pressure from a high point i 



a reducing valve ? 

■e-regulating valve 



\ in the boiler to a low one in a system of steam li 
ing. 

({nes. How should Bteam valvee be oonnected T 
Ans. So that the valve closes, against the ( 
F 8tant steam pressure. 

Quett, What will prevent cracking and pounding ni 
(team pipes in steam heating ? 

Ads. a thorough drainage of the pipes. 

Qnes. In steam and cast iron j^pe how is 
i given in the tablee ! 

Ans. By the internal diameter, 
Qnes, And the diameter of boiler tubee ? 
Ans. By the external diameter 

Qn€ii. How ia the strength of steam pipes, elbows, tees, 
threads, etc. , calculated for tie safe working pressure t 

Ans. By the same rules that are used in figuring 
the strength, strains, etc, of the steam boiler. 

Qiics. What ftictor of safety would be best in view o( the 
small diameter of the pipes ? 

Ans. A tensile strength of 50,000 lbs, to the 
square inch may be assumed with safety with a 
factor of 4. 

Qaes. What would you do with rusted spots? 
Ans. Regarding rusted spots or places whei 
corrosion has taken place, the thickness of good 
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Iron remaining should be taken as the thickness of 
2 pipe or fitting, although small places having an 
;a of I square inch or less may be ignored so long 
as the original thickness of the material remains ; 
but where the corroded area exceeds this, full allow 
ancs must be made. A number of small places 
corroded, pitted or grooved and closely connected, 
require that only the thickness of good iron remain- 
ing shall be considered as the thickness of the 
.terial. 



({aes. What is the tensile strength of c 
of which coouectiona arc mostly mat 



Bt and malleable i 



Ans. The mean tensile strength of cast iron is 
from i6,ooo to 2o,oqo lbs. and a factor of safety of 4 
should be employed. The mean tensile strength of 
malleable iron ranges from 30,00010 40,000 lbs., and 
unless tests are made to determine the strength i 
better to assume the smaller number, allowing as 
befofc a factor of safety of 4. 



[ IJnes. What is to be stated about the pipe threads t 
Ans. The threaded portions of pipes and fittii 



of the 



Ig3> 



entered 
er, will 



j^^oile 



when the greatei 
and I 

have sufficient strength to withstand the strain on 
the same principle that the single riveted girth 
seams have sufficient strength to withstand the 
strain, even though the longitudinal seams of the 
loiler be double riveted. 



ams of the | 



8B XNOmSERS- EXAMlSATtOSS. 

<}neB. In taking charge of a new ateam plant what 1b the 
first thing an engineer should do T 

Ans. Make himself familiar with ttic water and 
steam pipes and office of the valves connected with 
such pipes. 

<{iie§. What are the dead centres or dead points of an 
engine ? 

Ans. At two instants in each revolution, the 
direction of the crank coincides with the line of 
connection (or straight line joining the centre of the 
I joints of the connecting rods.) The positions of the 

^^m crank pins at those instants are called dead points, 
^^H and they correspond to the ends of the stroke of the 
^^P pistons when its velocity vanishes. 

I Qnes. What means are provided to overcomt the effects of 

these dead points without jar or irregularity ! 

Ans. It is to diminish the irregular action caused 
^^^ by the existence of these dead points and also to 
^^1 facilitate the starting of engines when the crank 
^^F happens to rest upon one of them that engines are 
I combined by pairs or threes, 

Qnes. What other dcTice ia used to prevent in stationary 
engines the fluctuations in speed caused by the dead centres T 
Ans. The fly wheel. 

Qnes. 'Why are they not need in marine and locomotive 
engines? 

Ans. In marine service the propeller, whether 
paddle or screw, answers the purpose of a fly wheel; 
^^ in locomotives the entire engine suffices to prev ent 
^^L excessive fluctuations. ^^^^^| 



t 



QUESTIOIfS AXD ANSWERS. 



Questions and Answers Belatlag to tie 

» Safety Talve. 

QaeB. What is a safety valve t 

Ans. It is a bonnet or conical valve loaded wUh 
a weight equal to the greatest extra pressure likely 
to be exerted by the steam on the boiler, 

hiea. What is the particular office of the safety valve t 
P Ans. To relieve the boiler from a pressure which 
jnay become dangerous and cause an explosion. 

Qnes. Is the aouiid of steam from a safety valve a sign of 
" nger? 

Ans. No, it is a token of safety ; it shows the ' 
Ive to be in operation, and if properly set, a sure 
•otection. 

Qaes. What danger exista when a safety valve " sticks "T 
Ans. The valve holds the pressure until it gets 
higher and higher, until so very high that the safety 
valve finally gives way and allows so much steam to 
escape at once that it changes the condition or 
balance of the steam and water inside the boiler, 
causing danger of an explosion. 

QneB. How should this be guarded against t 
Ans. By raising the valve, when under pressure, 
twice a day — doing so very gently and 
radually — to make sure that it is in working order. 




BO EXamEEBS' EX.4 M f.V ^Tf Off S. 

Qnes. When a safety val<ra Is described m a 3 Inch vah? 

or a 2i^ inch valio, what is indicated by the deecription \ 

Ans. It means that s inches, or a>i inches is the 
diameter of the pipe. 

Qnes. What part of the boiier te preferable for the position 
of the eafety valve t 

Ans. It is best placed upon the boiler at the 
part furthest away from the water line, so as to be 
unaffected by the foaming of the water — if any exists. 

4JaCH. Is there more thtui one variety of the safety valve! 

Ans. Yes. The Lever, or the common form, and 
the Spring loaded safety valve ; also the dead-weight 
safety valve. 

Qnee. What is the " pop " safety valve t 

Ans. It is a well-known form of spring; valve 
and takes its name from the fact that it takes a little 
more pressure to raise it oS its seat than what it is 
set at, consequently it releases itself with a "pop " 

({aea. What are the points of contact of a valve called 1 

Ans. The fixed part is called the seat of the 
valve and the part resting upon it is called the face 
of the valve. The seat is preferably adjusted at an 
angle of 45 degrees and the face made to fit. 

Qaes.' What ia the valve spindle ? 

Ans. It is the small guiding rod which moves 
upwards and downwards with the face of the valve. 
Its office is to keep the two faces opposite and caus.^ 
the rise and fall to be perfectly even and true. 



QUESTIONS AND ANSWERS. (ft J 

<{tieB. What aro tho most essential iiroblema to b« per- 
formed in reference to the Bteam plant, and why t 

Ans. Thoserelating to the safety valve ; because 
the safety valve is the most impoitant fixture 
belonging to the steam boiler. 

Qnes. Why should the size of the safety valve bear a cer- 
tain proportion to the size of the boiler ? 

Ans. Because if the valve is too large it is liable 
to be blown off when raised by excessive pressurt 
and if too small then it will not relieve the boiler in 
time to prevent an explosion 

^■^ IJneB. Can you give the rules for size best proportioned i 

^^B Aus. Rankine's rule for the dimensions of safety 

Hj^^dvesis : Multiply the number of pounds evaporated 

per hour by .006 and the product will be the a 

square inches of the valve. The United States 

steamboat inspection law requires for the common 

lever valve one square inch of area of valve for every 

two square feet of area of grate surface. A rule 

adopted by the Philadelphia Department of Steam 

Engine and Boiler Inspection is : i. Multiply the 

area of grate in square feet by the number 22.5, 

2. Add the number 8,63 to the pressure allowed per 

square inch. Divide (i) by (2) and the quotient 

will be the area of the valve in square inches. 

Qaes. How would you figure for 36 teet of grate surfaut- 

I # yriih 60 lbs. pressure ? 

■H Ans. 36 sq. feet of grate X 22.5 = Sio.' 
^Kre allowed 80 lbs. + 8.62 =: 88.62; Sio - 
^^ft.14 or a valve having a diameter of 3.4'. 



I 



99 lUrOIinBBBS- KXAiaifATlOlfS. 

Qnes. What three elements enter into each calculation 
relatiiig to the safety valve ? 

Ans. I, The number of square inches on the face 
of the valve and the pressure of the steam ; 2. the 
weight of the lever and valve in lbs ; 3, the amount 
of the weight and its position on the arm of the 



Qnei. How do jou find the square inches of a valve, the 
diameter being known T 

Ans. By multiplying the square of the diameter 
of the circle by the decimal .7854- 

Qnes, How would you figure the pressure on a S inch 
valve with 100 Iba. boiler pressure ! ^^ 

Ans. Thus— 3 X 3 = 9 in. ^H 

9 X .7854 — 7.068 area. ^H 

7.068 X 100 ■= 7o'>.8 lbs. ^ 

Qties. What is the Lever and what are its esaential points? 
Aqs. Of the six mechanical powers {pully, wheel, 
screw, etc.) the lever is the first in the list. 

There are three essentials in the lever — i, the 
r prop ; s, the power; and 3, the weight; 



fulci 

or, differently stated. 

or lever, turns (the prop, c 

■ The weight of the lever and vaJ 
matter of presBOre that ex (uuinlDger 
qnestioiu. 



point on which the bar, 
r fulcrum); 2, the place 



ly omit it from their 



QtTBSTTOWa A^D A.NSWESS. 

where the power is applied ; and 3, the point where 
the weight is apphed.* 
Qoes. How many classes or kinds of levers are there t 
Ans. There are three classes of the lever, num- 
bered according to the relative position ot the 
fulcrum ; the safety valve lever is a lever of the third 1 
kind. I 



Ans. The same calculation applies to each of 
the three classes of levers. 



t 



4 
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H Rale for Calculating I,evers. 

P The force (P) multiplied by its distance from the 
fulcrum (F) is equal to the weight (W) multiplied 
by its distance from the fulcrum. 

NoTB.— Whan two [orces act npoD each other by tneansof any 
maobino, that wLich gives It motiou U called THE POWER, and thai 
which receives, the weight (WEIGHT). See illuatration. 

The calculations are to be made In Incbes tor distances and In 
pomulB lor the forces and weights, and the colcnlatious are made toe 
.nical tiowers upon the supposition that their action 



3t affected bj tbelr o' 



reight. or hy friction and reBlsCSiDce. 



• In the sataty valve lever the jnup or fnloruin Is the hinge-Joint 
upon which the arm movea, the point wheriilhcpou'Erlflapplied lethe 
conical VBivB iieinR pressed upward by (,lie steam, and thepolnt w 
Uu loeluW is applied is on the arm ot the lever. 



^HUWueluft. 



BironrEERS' EXAmsATioys. 



Ques. What rule of arithmetic a 
in working safety valve problems t 



I be used to advantage 



le of proportion.^ 




Note.— In the lllnBtrntlon F In the fnlcmm : V IB the point where 
the prtsaure ia pxerterj : W is tLo weight ; FV Is B locheB ; iind VW la 
10 inoheB i thertilori! FW is IB inchflB. 

QoeB. When the length of the lever, the weight and 
length of the short arm are known, piTe the rule (or finding 
the steam pressure the weight will hold, give both rule and 
example. 

Ans. Rule (One). 

Multiply the length of the lever by the weight and 
divide the product by the length of the short arm, 

• Tlilfl"ru1e of three" In one of tbo most usefnllii the whole rango 
of mathematicB ; a, rule b; which, when three munheTB are BtV 9n,a 
fourth number Is found. 




QUESTIONS AND ANSWERS. 



"tfcs. on the end of it, and the short i 
inches, then 

The length of the lever, 20 

ihipHed by the weight, 20 



I being 4 



Divided by the 
Answer, 



ihort a 



, 4)400 



5. resistance,* 



^^^be, the length of the short iirin and the weight are known, 
what is the rule to find the place to hang the weight ? Give 
rule and example. 

Ans. Rule (Two). 

Multiply the steam pressure in lbs. by the length 
of the short arm of the lever in inches, and divide. 
the product by the weight of the ball. 
Example. 
The diameter of the valve being zj^ with steam ■ 

lbs. gives the resistance to be overcome (/. e., 
.SXa.sX.7854=^4i°o area of valve multiplied by 60 
bs ) 294 lbs.; the short arm of the lever, 3 inches; 
weight of' bail, 40 lbs. Now then : 
resistance (steam pressure 



k 



The short a 



Divide by weight. 



•"■Thto ino would reprcMDt a, valve i 



40)882 



Z2 05 inches of lever. 

Aol^aia. ln.a,tlDll».f 



I 



Qnes. When the steam presBure, the short arm, anA the 
leDgth of the lever ore knowD, to llnd weight of ball Deeded. 
Give rule and e:(aDiple. 

Ans. Rule (Three). 

Multiply the steam pressure by the short arm, and 
divide the product by the length of the lever, the 
answer is the weight of the ball. 
Example. 
The steam pressure {as in the last example) being 
ag4, the short arm 2 inches, and the length of the 
Sever 30 inches. Now then : 

The steam pressure, 294 

Multiplied by the short arm, a 

Divided by the lever, 30;588 ^H 

Weight of ball needed, 19.6 lbs. ^H 

Qnes. When the weight, length of lever and the steam 
preeaure (resistance) are known, to find the length of the 
short arm. Give rule and example. 
Ans, Rule (Four). 

Multiply the length of the lever by the weight and 
divide the product by the steam pressure. 
Example. 
The lever being 20 in., weight 20 lbs., steam press- 
ure 100 lbs. Now then : 

Length of lever, 30 ^^H 

Weight, ^H 

Divide by steam pressure, 100)400 ^^ 

Length of short arm, 4 inches* 



J 



qnefl. If the ball i: 
U17' Bteam pressure oq 

Ans. Yes ; that due to the weight of the valvi 

Ind stem. If they weigh, say 2 lbs., and the area ■• 

he valve is 7 sq. inches, then that would cause i 

Kpressure of f of one lb. before the steam blows off. 

IJneK. What about the lever itself 1 

Ans. The weight of the lever also operates the | 
F same way, except it is not a dead weight. 

Qnes. Explain why it is not a dead weight. 

Ans. If you have a lever 30 inches long and it 1 
has the same size from end to end, its balancing 
center will be in the middle, or 15 inches. IE the 
lever (bar) weighs 8 lbs. it will have the effect of 
hanging a ball of 8 lbs.. 15 inches from the fulcrum. 

lAL ■ 

^^^B QaeB. Ih there anything else which should be thought (rf ^^^| 
^^HUn figuring the safety valve problems 1 ^^H 

Ans. Yes, a possible difference in the true 
diameter of the valve or connection pipes — the 
opening of the valve may be 2 inches diameter, but 
the circle of contact of face and seat may be aji^ ^^^t 
this would make a difference of nearly ^ sq inch of ^^H 

• This dlfforaooo ueed not bo oonsldered important In vlaw of tic 
factor of safety 16) neaally allow«l, i, e., ibe boiler la made to wlth- 
atand six times the ordinarr preeanre : Bur. ic bears apoathaqQeatioi] , 

- otomlttlnstbe weigbtof v&lvespiiulle andleverframcomiiuuiaalint- ^^^^ 

K J 



ESailTEEBS' EXAMINATIONa. 



Table of Propbbtixs of Satdrlted Steam. 



Abaolnte 


t^^r 


Total hsat of 

trom w&ter at 
SfF. 


onbiofeel. 


1 


102.0 


1113.0 


330.36 


a 


138.4 


1120.3 


173.08 


8 


141.6 


1125.1 


117.52 


4 


163.1 


1128.6 


89.82 


6 


182.3 


1131.4 


73.66 


6 


170.1 


1183.8 


6131 


7 


176.9 


1180.9 


53 94 


6 


183.0 


1187.7 


46.70 


8 


188.4 


1139.4 


41.80 


10 


193.3 


1140.9 


37.84 


11 


197.8 


1142.8 


3468 


18 


303.0 


1143.5 


81.90 


18 


S05.S 


11447 


29.57 


147 


213.0 


1146.6 


26.83 


IS 


313.1 


1146.9 


25.85 


16 


ai6.3 


1147.0 


2432 


17 


219.0 


1148.9 


23.96 


18 


233.0 


1148. 8 


21.78 


19 


225.3 


1100.6 


20.70 


SO 


228.0 


1101.0 


19.73 


81 


230.7 


1153.3 


18.84 


S2 


SS3.8 


1153.1 


18.03 


as 


285.8 


1153.9 


17.26 


» 


238.3 


11046 


16.64 


as 


240.0 


1155.8 


16.00 


88 


343.7 


1156.0 


IS. SB 


87 


2448 


1156.6 


14.86 


as 


246.8 


1157.3 


1437 


3» 


248.7 


1107.8 


ia90 


so 


350.5 


1158.8 


1SL48 
1 



1 
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^^P QUESTIONS AND ANSWERS. Mt^^l 


Table of Propeetiks of SATURiiED Steam.— ConfiJiued. * ^^| 




l^^^lt: 


Total heat of 


Volame ^^H 




239.3 


1161.0 


^H 


^H 40 


367.0 


1163.4 


^H 


^1 u 


274.4 


1165.6 


^H 


^H so 


281.0 


1167.6 


^H 


^a 55 


287.1 


1170.0 


H 


^H 10 


293.8 


1171.3 


H 


^m 06 


298.0 


1172.7 


^H 


H 70 


302.8 


1174,3 


^^M 


^B 75 


807.5 


1175.7 


5.G8 ^^H 


H SO 


313.1 


1177.1 


^H 


^B 85 


3ie.i 


1178.4 


^H 


^B SO 


320 3 


1179.6 


4,79 ^H 


H 05 


824,1 


1180,8 


^^H 


^^1 lOO 


337.7 


1181.9 


4S3 ^H 


^^1 105 


331.3 


1182,4 


H 


^^1 110 


33t8 


1184.0 


^H 


^^1 115 


338.0 


1184.5 3,80 ^^1 


^^H 


8411 


1186.9 


^H 


^B 130 


347.3 


1187,9 


^H 


^B 140 


353.9 


118B.6 


H 


^^m ISO 


358.3 


1191.3 


^H 


H 100 


363.4 


1193.8 


^B 


^^H 170 


3S3.3 


1194,3 


2.68 ^H 


^B m 


383.0 


11BS,7 


^H 


^^M 190 


877.3 


11B7,1 


^^1 


^B soo 


881.8 


1198.4 


^H 


^B » 


400.8 


1304.3 


^H 


^B 800 


417.1 


1309, 3 


H 


H| 850 


430.1 


1212,3 


^H 


■ - 


44G.0 


1317,7 


1.1, ■ 


■ ~ m 
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i ATURATED STEAM. 



This haa been defined on page 09 as the steain which floa 
I above the water within a boiler under pressure. Attention 
WW invited to the Tables (Regnault's) on the two preced- 
ing pageo, 

t*t water at S3° in a closed veeeel be heated as in an 
ordinary eteam boiler, containiDg wpace for the accuniulation. 
of st«ani, and let lieat be gradually applied. Then the tem- 
perature of the wat«r will gradually rise, and steam will be 
formed. 

Ab the heat in increased, the tecopeniture, pressure, and 
density, or weight per cubic foot, of the steam increase 
indefinitely, bo long as the strength of the boUer ia not 
exceeded ; and the relation between the temperature, press- 
ure, and density always bears a certain fixed relation. 

If heat is applied so as to maintain the temperature con- 
Btant, the pressure tiud density remain constant also, and 
evaporation ceases. If a communication be opened between 
the boiler and engine, on escape of steam from the boiler the 
pressure ia momentarily reduced and re evaporatioo com. 
mences rapidly. So long aa the temperature is maintained, 
no sensible rariatioa of pressure is noticeable in a boiler sup- 
plying steam to an engine. 




SATURATED STEAM. 

It ■will be obHSrved from the tablea that saturated steam 
under a given pressure has a fixed temperature, also that the 
temperature and density iocrenae with the pressure. 

But it will be further noticed that the total heat increases 
in a very slow ratio compared with the pressure and temper- 
ature, there being only a very small increase of t«tal heat 
per Ih. of Bteara as the pressure increases. This is an 
important point in practice when considered in reference to 
coal consiunption, for it shows that it is not much tiiore 
costly in fuel to generate high-pressure steam than low- 
pressure steam, weight for weight ; and that far more work 
can be obtained from it when used expansively tlian from 
the same weight of low-pressure steam — hence the economy 
of high-preesure steam. 

In this connection it is interesting and important lo com- 
pare the difference in the weight of water required to cool a 
given weight of water, with tliat required to cool the same 
weight of steam at the same temperature. 

This is owing to the mysterious element called latent heat 
which exists in steam under pressure — very liie the un- 
known essential property of electricity. In converting water 
into steam there is absorbed about fi e an I one half times as 
much heat as is required unde atmosph c presaure, to 
raise the temperature of the wa e f om f ez ng point, 32° 
F„ to boiling point, 313° F., an amoun of heat which 
if the water were a fixed solid w ou d t is sa d render it red 
hot by daylight. Tested by a thermometer the steani will 
show only 313°, but by experiment 1000°, nearly, have been 



SAXaRATED STBAIS. 



added, which is stored up in aome hidden unaccoiintabla 
way i this is called the latent heat of Bt«am. 

There are two sorte or coaditiona of heat in the procjess ot 
steam production operating upou water : 1, Sensible heat; S. 
Latent or insensible heat : hence the constitueot or total 
heat of steam consists of its latent heat in addition to its 
sensible heat. 

The appropriation of the heat expended in the generaition 
of one pound of saturated steam at 213° F., from water sup- 
plied at 33" F., may be exhibited thus ; — 



t Pound of Stkam at 313° F. 



U^«ofh«t. 




The sensible heat;— 




1. To raise the tempera- 




ture of the water 




from 33° to 313° F., 180.9 








2. In the formation of 




steam 893.935 


C89.346 


B. In resisting the incum- 




bent atmospheric 


J 


pressure of 14.7 lbs. 


■ 


per square inch, or 
2116.4 lbs. per square 


1 


foot 73.366 




965.3 


746,184 




884,789 



n 



the 



Qnea. Wliat is the rule for finding the total heat in steamt 
Ans. Multiply temperature or sensible heat c 
1 by .3 (A) and add it to 1115°. 



:ainp]e. What is the Iota,! and latent 

lUO lbs. by tlie gauge ? 

Ans. loo lbs, by the gauge is 115 gross, the 15 

being, approximately, the weight of the atmosphere, 

and 115 gross has (by Table page gg) 338° of heat. 

;3ience, 

338 X .3 = 101.4+ 1115° = izi6.4 = total heat. 

338.0 = sensible heat 

878A latent heat,* 
Qnes. What are the total imito of heat in steam of Sia" t 
Ans. ziz°x.3 = 63.6+1 115° =1178.6° total heat \ 
Qnes. What is the latent heat in thi 
Ans. 117S.6 ^ total heat. 

ai2 = sensible heat. 

966.6 = latent heat. 

Qnes. If the temperature of tlie feed wal«r !a known, what. I 
will be tlie number of unita of heat to each lb. of v 
turned into steam ? Give illustration. 

Qnes. If the steam in the boiler be 370° and the feed water 
' le at 110° how many units oC heat will it be necessary to add 
|io this water to turn a lb. of it into steam ! 

Ans. 270 X. 3 = 81 + 1 115 = 1196, less feed water 1 
no =1086. I 

Igoraa In the Table is eauaed by great' 
V than ilie otlier. la the examplea 
K. per square inch and 1 n the Tabic 



isults in the eiamplea 
r detail ol caicnlatim 
,he air pressure Is Cite 



Letit be remembered thata Ther 



■eBBed by T. U.) li 



1 degree, oud that tlie mechanical tc 



rl04 ENOINEEIfS EXA^MISATIOSS. 

Qnes. Which conducts heat beet, dc; steam or cloudy 

Ans. Dry steam is a poor conductor of heat as 
compared with either liquid water or cloudy steam, 
for after cloudy steam has received heat enough to 

(make it dry or nearly dry it receives additional heat 
very slowly. 
Qnes. If a steam jacket ia used, is the ateam in the cylin- 
der affected b; the beat of the steam in the jacket T 
Ans. It is assumed that the steam in the cylinder 
while expanding, receives just enough of heat from 
the steam in the jacket to prevent any appreciable 
part of it from condensing without superheating the 
steam in the cylinder. 

<{iiei<. Is there any gain in using eteam at 100 lbs. and by 
expansion making the mean effective pressure 70 lbs. over, 
using steam of TO lbs. throughout the entire stroke ? 

Ans. Using a cylinder with a volume of i cubic 
foot, and an initial pressure of 70 lbs. continued 

I throughout the stroke, would be using, at each stroke, 
a cubic foot of 70 lb. steam, or a weight of .zoi of a 
pound. Now, should the initial pressure be loo lbs., 
a cut-off at ^ stroke would give the desired mean 
effective pressure of 70 lbs. and only use ^ cubic 
feet of steam. Now, 100 lbs. steam weighs .364 lb. 
per cubic foot ; ^ cu. ft. therefore -= .099, so that 
only .099 lb, would be used against .aoi lb. of the 
lever pressure steam, as in the first case. Thus by 

I working steam expansively you have a gain Q^h 
301 — ,099'~.io3 lb. at each }4 stroke. ^^H 



PUMPS. 



ITpon the unifonn operation of the pump depends the 
safety and comfort of the engineer, owner aiitl employeaa, 
and indirectly of the succeas of the business with which ' ' the 
plant " is connected. 

Pumps now raise, convey and dehver water, beer. molasBea, 
acids, oUb, and melted lead. They also handle such gases aa 
air, ammonia, lighting gas and even oxygen. 

IHunpB are made in various forme and sizes ; they vary in 
design to suit their several uses, and are defined as rope, 
chain, diaphram, jet, centrifugal, rotary, oscillating, cylin- 

It is with the last named class with which the engineer 
ha£ principally to become expert. Cylinder pumps are of 
tTTO kinds, single acting and double acting. 

The feed pump is used to supply the boiler, and it is 
requu^d to supply a quantity of water at least equal to that 
evaporated and paased forward to the engine, together with 
leakage at safety valve, &c. ; and to provide also for emer- 
gencies it is usually made capable of supplying from 2 to 2^ 
times this quantity. 



Tli<> action of the pump nia,j be explained aa follows : Sup- 
pose the plunger P at the bottom of ita Btroke, and the whole 
interior of the pump to be full of air. When the plunger 
rises tlie pressure of the suction valve S will be reduced, and 
the air in the supply i)ipe will lift the valve and flow into the 
barrel. The pressure of the air in the supply pipe is now less 
th&n before, and accordingly the pressure on the external 
surface of the wa- 
ter forces water up 
the pijie to such a 
height aa to make 
the pressure inside 
the pipe balance the 
pressure outside. 
When the plunger 
returns the suction 
Talve is closed by 
the pressure, and 
the air is forced out 
through the deliv- 
ery valve D. Elach 
time the stroke of 
the plunger is re- 
peated, tliB water 
will rise in the sup- 
ply pipe until at last ii 
when the pliinger returnt 
through the delivery valve. 

The height of the column of water whicli will balance the 
preeaure of the atmosphere is 84 ft. ; that is, a column whose 
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t reaches and fills the barrel. Now, 
, it forces water instead of air 
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weight is about 15 pounds per eq. in. In practice, however, 
the supply can never be drawn from a depth greater than 
aboQt S5 ft. 

The valves are prevented irom rising above a certain height 
by stops shown in the flgpare. The lift of a valve should not 
exceed one-fourth of its diameter, for with this Uft the whole 
of the water which passes through tiie valve Heating can 
eecape freely round the edge of the valve. Any further lift 
is therefore unnecessary. 

Air chambers A, V, are vessels fitted to pumps close to and 
beyond the delivery valve. Tlie air in the water collects in 
this vessel and forms a cushion or spring which enables the 
water to be delivered in a steady stream. 

I Qnes. What is a single acting pump ! 

^^ft Ans. A single acting purnp does its work through 

^^^oe end of the cylinder. 

Qoes, What is a double acting pump T 
Ans, II is an engine and pump combined ; 
double acting pumps the motion of the piston in one 
direction causes an inflow of water, and a discharge 
al the same time, in the other ; and on the return 
stroke the action is renewed as the discharge end ^^J 
becomes the suction end. The pump is thus double ^^M 
acUng. ^H 

Qnes. In a steam-pump what are the two ends called ? ^^\ 
Ans. The steam-end, which is a complete steam 

engine, and the water-end, into which the water is j 

I ^ drawn, and from which it is discharged. ^^M 
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Qnes. What is the oonnection between these ends — If an; I 

Acs. The water and steam ends are operated by 

a single rod, called the piston rod, which extends 

through from one end to the other — a pump so 

operated is a direct acting steam pump. 

Qnea. What is the force against which a pump works 
BBide from the boiler pressiu'e t 

Aas. Gravity, or the attraction of the earth, 
which prevents the water from being lifted. This is 
shown in the fact that water can be led, or trailed 
an immense distance, limited only by the friction, 
by a pump. 

Qnes. Witat ia the diSerence between a suction and a 
discharge valve T 

Ans. The suction valve prevents the return of 
the water after it has entered the cylinder, and the 
discharge valve permits the outward passage of the 
water but does not allow its return. 

Qnes. Is it true that wat«r is raised by suction T 
Ans. No. Water is raised by pressure of air on 
the water outside the pump. The piston of the 
pump exhausts the air and the unbalanced weight of 
water causes it to rise within the pump or pipes 
supplying the pump. 

IJiies. What is the limit of this lift 7 
Aqs. About 33 feet, because water of one inch 
area weighs 14A lbs., which is the weight of one 
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inch of air, at the sea level. Pumps must be in 
good order to lift 33 feet, and all pipes and valves 
must be perfectly air tight ; pumps will give better 
satisfaction lifting from 22 to 2$ feet. 

Qaes. In deaigning or purchasing pumxM what is the safe 

rule ae to capacity ? 

Ans. One should be selected capable of deliver* 
ing one cubic foot of water per horse power per 
hour ; or say, three pounds of water for each square 
foot of heating surface. 

<f aes. Why will not a pump lift hot water ? 
Ans. Because the vapor from the hot water fills 
the vacuum as fast as it is made by the piston and 
destroys its force, hence, no pump, however good, 
will lift hot water. 



the beet method of getting around thia 



Qnps. What i 
difficulty ! 

Ans. The pump should be placed below the 
supply, so that the water may flow into the valve 
chamber. 

Qnes. What ia the mofit necessary oonditioii for the satis- 
factory operation of a pump 1 

Ans. A full and steady supply of water. The 
pipe connections should in no case be smaller than 
the openings in the pump, and the suction lift and 
delivery pipes should be as straight and smooth on 
^■the inside as possible. 



1- ^ttie inside ; 
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<JnP8. What 18 the advantage of the auction chamber T 
Aos. It prevents pounding — makes the action of 

the pump easy and uniform and enables the pump 

barrel to fill when the speed is high. 



(joes. How should pumj« be left in cold n 
Ans. Pumps should always be drained in cold 
ivpaiher, as freezing of water in pipes or cylinders is 
sure to burst them. Engineers should therefore be 
careful, and open the drip plugs or cocks, which are 
provided on all pumps for draining them. 

<{aes. What directions would you give as to setting up a 
pump! 

Ans. Use as few bends and valves as possible, 

and run every pipe in as direct line as practicable, 
and where convenient use full round bends rather 
than elbows, for valves, returns and elbows increase 
friction more rapidly than length of pipe ; never use 
pipes too small in diameter ; in long pipes this 
should be increased to allow for increased friction, 
especially in suction pipes. 

Qnes. In ordering a pump what is itfor the interest of the 
purchaser for the builder to know ? 

Ans. ist. For what purpose is the pump to be 
used, and the average pressure of steam ? 

2d. What is the liquid to be pumped, and is it hot 
or cold, clear or gritty, fresh, salt or acidulous ? 

3d. What is the maximum quantity to be pumped 
per hour? 
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4th. To what height is the liquid to be lifted by 
iction, also the height of discharge ? What are the 
length and diameter of the suction and discharge ^ 
pipes, and the number of elbows or turns 

QaeH, Granted motion to the piHf«n or plunger of a, pump J 
what is the only cause that makes it fail with an abundance [ 

Ans. A pump fails because it leaks — there can 

reason, and the leak should be found 
and repaired. Leaky valves arc common and should 
be ground ; leaky plungers are frequent and should 
be re-turned in a lathe ; leaky pistons sometimes 
exist and they should be repaired. The rod i 
straight as far in as the packing and that i 
kept free from dirt and sediment. 

I QnCB. What should long suction pipes be provided witli T 

Ans. A foot valve, just above the strainer, in the 

well or pit. 

Qaes. What are direct acting steam pumps ? 

Ans. These have a single cylinder non-expanding 
:r sizes with double cylinders on the 
compound principle. These pumps may be divided 
into two classes ; those having the valve gear on the 
outside where it can be seen, and those having the 
valve gear inside, no moving parts bei 
when the pump is in operation except the piston 
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Ans. These are two steam pumps placed side by 
side, so combined that the slide valve of each 
cylinder gets its motion from the opposite piston 
rod through a lever and rockshaft. The single 
direct acting and the duplex direct acting pumps 
are almost always double acting pumps, having the 
steam piston and the water piston at the two ends 
of the same rod. Therefore the steam pressure 
exerted upon the steam piston will be exerted upon 
the water piston direct. 

Qnes. What are pumping ecgines ? 

Ans. It has become customary to apply the t« 
pumping engines to large reciprocating pumps used 
for supplying cities and towns with water, draining 
lakes and marshes, and other purposes, although 
strictly speaking any steam pump with its motor 
arranged in one machine is a pumping engine. 

Qnes. Which Hhould have the larger area, the steam pis- 
ton or water piston of the steam pump ? 

Ans, The steam piston should have about 2^ 
times the area of the water piston. There being no 
mechanical purchase in favor of the steam piston, it 
must have the greater area of the two, otherwise 
the pressure on the water piston would equal the 
pressure on the steam piston and the pump would 

I refuse to work. For this reason all boiler pumps 
have larger steam pistons than water pistons. 
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Ques. What rule would you give for area of steam piston 7 
Ans. Multiply area of water piston by 2,75. 
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QneB. How would you find the capacity of a water 
cylinder of a, ateam pump in gallona T 

Ans. Multiply the area in inches by the length 
of stroke (this gives the capacity in cubic inches). 
Next divide by 231 (which is the cubical contents 
of a U. S. gallon) and the product is the capacity in 
U. S. gallons. 

Qnos. What is the rule for finding quantity of water 
pumped in one minute running at 100 feet of piston epeed 
per minute? 

Ans. Square the diameter of the water cylinder 
in inches and multiply by 4. The answer will be in 
gallons. 

(llteB. How do you find the horse-power necessary to 
pump water to a given height ? 

Ans. Multiply the total weight of the water in 
pounds by the height in feet and divide the product 
by 33.00O- 



Ans. Multiply the height of the column of water 

in feet by .434. 

Qnes. What is the rule for finding the water capacity of 
a steam pmnp par hour f 

Ans. 1st. Find the capacity of the pump in cubic 
inches, by multiplying the area by the inches in 
Strokes, and by the fraction it is full. 
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ad. Find the cubic inches of water pumped per 
hour, by multiplying the contents of the pump by 
the strokes per minute and by 60, representing the 
minutes in an hour. 

3d, Find the number of the cubic feet of water by 
dividing the cubic inches by 1,738, 

Qnes. In these rules have you made any allowance for 

"slippage " and frictdon T ^^h 

Ans. ^B 

QiieE. What must every feed pump be designed to doT^^^ 
Ans. It must provide not only the water really 
needed for the work, but a large percentage addi- 
tional to cover waste due to priming, condensation 
in the pipes, etc. 

QneB. Qive an idea of amount of slippage ? 
Ans. In well designed and well constructed 
steam pumps the "slippage" will be one-tenth and 
an allowance of one-quarter will be safe for the 
friction ; but if the pump is old or badly designed 
or if the pump is working against a very high or a 
very low lift the net loss should be increased to 
twice the percentages given. 

Qaes. Can you give approximate rule for size of pipes for 



Ans. For the steam pipe divide the area of steam 
piston by 64. 



For the exhaust pipe divide the area of steam 
piston by 32. 

For the discharge pipe divide the area of plunger 
by 3- 

For the suction pipe divide the area of plunger 
byi. 

But as the sizes of piping are of standard sizes, 
sizes can only be approximated, preference being 
given to the next size larger than the figures call for. 

Qnes. Wlien pressure per square inch ia shown by the 
guage, which is the greater pressure, that of water or steam? 

Ans. There is no difference between the intensity 
of steam pressure and water pressure, a pound of 
pressure is a pound whether of steam or water. 

Qaes. What are pump valves made of ? 

Ans. They are made of brass, hard rubber, soft 
rubber, vulcanized fibre and wood. 

IJnes. What is to be said as to tlieir sixe and " lift" ! 

Ans. The valves should be larger than the pipe, 
enough so as to give a clear waterway, the same area 
as the suction pipes. The lift of the valves should 
be as little as possible without causing too much 
frictional resistance to the water. 



Qnes. For leakage of water and steam priming, blowing 
off, loss by safety valve, etc.. how much water for a station- 
ary engine should be provided ? 
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Ans. From double to two and one-half times the 
net feed water required by the engines. 

Qiies. How much should be allowed in marine fn gineB t 

Ans. To provide for the discharge of the brine, 
from three to four times of the net feed water should 
be provided. 

mpoeed and in what proper- 

Ans. Water is a compound substance composed 
of hydrogen and oxygen gases in the proportion of 
two parts of hydrogen and one of oxygen. 

QuM. What are the cubic contents and weight of a cubia 
foot of water t 

Ans. I cubic foot equals 7ji gallons (1,728 cubic 
inches) and weighs 62^ lbs, A gallon thus has 331 
cubic inches and weighs 8^ lbs. 

Qdcb, What is the rule for finding the water capadty of 
the horizontal steam boiler ! 

Ans. I. Multiply two-thirds of the area of the 
head, in inches, by the length of the boiler in inches. 

2. Deduct the area of a single tube multiplied by 
the number in the boiler, multiplied by the length 
in inches. 

3. Divide by 331 to reduce the answer to gallons. 
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THE INJECTOR OR INSPIliATOIb.t,..,,, 



^^"This boiler fixture wae an mTentdon of GiSard, and ie cme 
of the most peculiar and tnteresting appliaaoes conneoted 
with the steam plant. 

It ia aimply au inatruinent for allowing steam to rush from 
a boiler, and to suck up and mix with itself a stream of cold 
water, by which it ia condensed, and to which it imparts so 
much of its own velocity, that the combined maaa of wat«r 
and condensed steam enters into and feeds the boiler. 

Injectors are used also to pump out cisterns and drain 
basins and have even been used to pump out mines. 



rOnestions and Answers Relating to the 
Steam Iiijector. 

(}aes. What m the main difference between the ateam 
pump and the injector ? 

Ans. The pump has moving parts and is a regu- 
lar machine, while the injector has no moving 
roechanism whatever. 

Ques. Whence comes the power, used in forcing wate 
into the boiler by an injector ! 
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Ans. To the difference in the velocity of the 
escaping steam from a boiler under pressure and the 
velocity acquired by water from the same boiler and 
under the same pressure and at the same time 

] the speed of the 

Ans. The steam has a velocity of sixteen or 
eighteen times that of the water — this varies with 
the pressure. 

Qnes. How should the iaatrumeat be ocomected T 

Ans. It should be so placed that it will take 
steam from the highest point in the boiler. A valve 
should be put in the steam pipe just above the 
injector and a check and globe valve between it and 
the boiler, also a giobe valve in the supply pipe ; if 
the feed is delivered through a heater, place a check 
between it and the injector. It is better to have the 
suction pipe one size larger than the connection 
with the boiler, especially in case of a high lift. 
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I Ans. The suction pipe should be absolutely air- 
tight ; the lift should not exceed 35 feet with a 
temperature of about no degrees and not mora 
than 140 degrees for a low lift. 

^^^ Qaes. Will the injector work if the water supplied to It is,. 
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^^f Ans. No. Because tbe colder the water the ' 

^^^juicker and more thoroughly is the steam turned 

into water of condensation ready lo join in the flow 

towards the boiler. 

T lift the water that 



Ans. No more than a pump does ; for both appa* 
ratuses simply remove the air from the supply pipes 
and the weight of the atmosphere pushes the water 1 
forward. 

»1}iies. What are injector-nozzles T 
. Ans. They are tubes with ends rounded tO 
receive and deliver the fluids with the least possible 
loss by friction and eddies. 



Qnes. What are double injectors ? 

Ans. They are those in which the delivery from 
one injector is made the supply of the second. The 
double injector makes use of two sets of nozzles, the 
"lifter "and ''forcer." The lifter draws the water 
from the reservoir and delivers it to the forcer, 
which sends it into the boiler. 

Qnes. What is the eximuat steam injector ? 
Acs. It is different irom others in that it uses | 
ifae exhaust steam from a non-condensing engine. 

Qnes. What has been the objection to tbe greater adoption I 
of this form of injector 1 

Ans. It carries over into the boiler the waste ] 
^^^Steam from the cylinder which contains oil. 
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THE INDICATOR 



This device, Invented bj James Watt more than a century 
ago, is an ingenious tell-tale of what goes od in the steam- 
(^linder. A knowledge of its operation is necessary to 
obtain a high-grade license. 

All indicators are practically of the same construction and 
act upon the same principle. Each consists of a small 
cylinder accurately bored out and fitted witli a piston capable 
of working in the cylinder with little or no friction; the pis- 
ton rod is attached to a pair of light levers, at the end of one 
of which is carried a pencil designed to move perpendicu- 
larly. The motion of the piston in the cylinder is j{ of an 
inch and the area of the piston is exactly i^ square inch. 

The pressure of the steam is recorded by the pencil at aU 
points of the stroke as the piston moves to and fro, on a 
piece of paper secured to a revolving drum. The motion of 
the piston is controlled by springs of knovm tension, several 
of which are furnished with each instrument ; each spring is 

, marked to show at what boiler pressure of steam it is to be 

^H^ used. 

^^M The only absolute information any indicator can convey, 
^^B whatever its fom. is the pressure in the cylinder of the 
^^H engine ; all the other information to be had from it comes 
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through a procees of reaaoning based upon experienoe and 
observatiOD. 

In order that the diagram should be correct it ia eesential, 
first, that tlie motion of the drum and paper shall coincide 
exactly with that of the engine-piston, and that the motion 
of the pencil ehall also corrcepond with the other motions 



Qaestions and Answers Relating to the I 
Indicator. * 

Qnes. What is an Indicator card f 

Ans. It is a paper wound round the cylinder of 

the indicator upon which the pencil has drawn the 

lines indicating the work done by the steam in the 

cylinder. The extreme length of the diagram may 

I be 5J^ inches. 

Ques. What is the steam-line J 

Ans. It is the line on the card which shows the 
F place of admission to beginning of cut-off. 

Qnes. What is the exhaust line ? 

Ans. It is that part of the diagram which sboi^jfl 
I the point of exhaust. ■ 

Qnes. What ia the expansion line 1 

Ans. It is that part showing the curve of 
expansion; i. e., the movement between the cut-off . 
and the exhaust. 






B always aaaumed in figuring 

Ans. All figures are made from absolute 
or 141% lbs. per sq. inch below atmospheric pres 

<tnes. Why T 

Ans. For, from the line of absolute vacuum are 
I made up all tables of weight, volume, expausion 
and all other properties of steam. 

Qaes. What four points does an indicator ahow t | 

Ans. Highest and lowest pressure, cut-off and 
> lead. 

1. How can you determine whether tlie at*ani 
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Ans. If the steam is "wire-drawn" the steamj 
line will fall as the piston advances, 

Qnes, What is done when steam is cut-off at 6 inches I 
Ans. When the piston has travelled 6 inches the 
valve closes, cutting off the live steam, and the 
remainder of the work in the cylinder is done by 
the expansion of the steam previously admitted. 

Qnes. What do you understand by the number of >al 
indicator epring t I 

Ans. The number marked on a spring (several 
of which are furnished with each indicator) is 
designed to show the number of lbs. steam pressure 
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on the boiler at which it is to be used : thus a 30 lb, ^^1 
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Spring is one in which a pressure of 30 lbs, will 

cause the piston inside the indicator to rise one 
Linch above the atmospheric line of the diagram.* 
■ Qnes. What is an indicator diagram 7 

Ans. It is the figure drawn by the pencil attached I 

to the indicator from which the mean effective 

pressure in the cylinder is calculated. 

Qnea. How is this done f 
K Ans. By first dividing the diagram into ten equal ] 
spaces by drawing perpendicular lines to the atmos- 
pheric line called ordinates. Any number of ordi- 
nates may be used but it is customary to use 10. 

2. The two end ordinates should be only half the I 
distance from the ends of the diagram that they are I 
from the next ordinate, because the ordinate is the 1 
middle of the space it occupies. 

3. The ordinates being drawn their lengths are I 
added together and the sum so obtained is divided ' 
by the number ( 10) which gives the average heighth, 

4. If a 30 lb. spring has been used and the average 
heighth of the ordinates is 1^ inches, then the ' 

* The etrength of the eprlug is fo BdJUEted as to eaaee ihe diagram 
tobeaboutaw inclies MkIi, let the Kteiiui jireBBiirn bo whatit may. 
Tbe tollowiOB are the scales at springs to be used In the TbompBou 
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average pressure of steam in the cylinder shown bf 
the diagram is 45 lbs, 

Qnes. Having found the average pressure in the cylinder, 
howdoyouproceedtogetthe indicated horse power (I. H. P.)T 

Ans. By multiplying the travel of the piston in 
feet and the area of ihe piston in inches; 2, multi- 
plying the product by the mean average pressure in 
lbs, — in the case given ; 45 lbs. — and dividing by 
33.000. 



Ans. Experience shows that the full amount of 
water used cannot be accounted for, owing to its 
being unduly saturated, the cooling of the cylinder, 
etc., hence the calculations made are unsatisfactory. 

Qnes. Ih there an easy way of getting the lengths of the 
ortUnatee? 

Ans. Yes. Take a long strip of paper, say half 
an inch wide and 10 or 20 inches long, according to 
the nature of the card, mark a starting place on the 
edge near one end; then lay the strip of paper along 
the first dotted line, and mark off the length of that 
line ; then lay it on the second space so as to add 
the length of the second line to the first line; and so 
on until the tenth (dotted line) ordinate is added, 
the whole being in one length, end to end. 

Now take a rule and read ofE how many inches 
there are in the whole length, and divide them by ten. 
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QneB. What instniiueDt has been invented and introdnced 
to get the mean effective preaaure as shown by a diagram t 

Ans. A planitneter. No skiU or mathematical 
knowledge are necessary to use this instrument, 
Tiie readings taken from a counter on the instru- 
ment give the area of the enclosed figure. 

Qse§. What is the difference between the Indicated Hone j 
Power (I. H. P.) and the Effective Horae Power (E. H. P.)t 

Ans. The effective horse power is the indicated 
horse power less the engine friction ; it is always 
less from the fact that the engine itself absorbs 
power. 

Unes, What proportion of the indicated power does the 
engine consume ? 

Ans. With well constructed engines and every- 
thing in good working order it is probably under 
ten per cent. — but with the ordinary unbalanced 
slide valves and bad construction one-third of the 
power is wasted. 

QneH. Does a. correct curve always ehow an economical 

engine 1 

Ans. No, because a defective leakage may be 

the same on both sides — the leakage out may balance 

the leakage in — hence it must be carefully assured 

that the piston and valves are tight. 
Qnea. Does a defective diagram always indicate trouble T 
Ans. Yes, a diagram with an incorrect curva 

necessarily and infallibly shows a wasteful engine. 
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V ..fiLBCTRICITY FOR ENGINEERS* 
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The lateBt developments of engineering are without ftl, 
doubt along oU'ctric lines, and, in issuing a license for t 
steam plant where there is an eleotrical apparatus, the Ex- 
aminer will insist upon some knowledge and practical ex- 
perience in industrial electricity — and the devices employed 
to utilize it before granting a license. 

The Electric current (so-called) is produced by a machine 
known as a Dynamo or Electric Grenerator ; this might be 
called the Steam Engine of Electricity as it simply transmits 
or carries along the power, produced elsewhere, to its speoi' 
fied work. 

It is with the Dynamo that the Licensed engineer and his 
assistants has primarily to do, and it is necessary that behave 
a mastery of it — in the same degree that he has of his engine. 
It is true that in the Power Stations of Electric Railways 
and other large plants that Electricians, so ranked are con- 
stantly on watch, but it is generally true that the Engineer 
has charge of the Electric apparatus. 

Next to the Dynamo the Engineer must be informed as to 
the Laws of the Transmission of the Electric Current — in 
practical language he must understand ** Wiring. " 

The recent great advance in the practical development of 
Electricity has come from the discovery of the Electric Motor 
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b Bimply a, Dynamo reversed— while the Dynamo iB 

^ belt or other mechanical nieana, the Motor ls*ruQ 

3 current, A practical acijuaintance with one 

m for both the Dynamo and the Motor, although there 

e points of difference necessary tK> be known. 

it IB electric! ty is a queetton often e^ked, but which 

IT yet been aatisfactorily answered, Ifc is one of the 

Ined eziatenaea wliich, like latent heat, are known to 

Hi aside from their mighty and beneficial accompliah- 

Fiaight Ba weU remain unknown. 

f electricity is " gathered " and how it is utilized in 

machines now in use is the limit of neces- 

lowledge concerning it. 

bwell to remember at the beginning that magnetism is 

^indenticaJ with electricity, and that the way in which 

II magnet will attract and hold a bit of iron or Bteel (a 

laU) is the A B of tlie ncience. Next, that iron or 

B the principal metals (with copper wire) with which 

3 well as the least of the electrical problema 

^ed out to a commercial and industrial success. 



Itlons and Answers Relating to Electric- 
ity and Electric Machines. 

What is an electric current ? 
. It is something which seems to flow along 
[trough the conducting wires ; although not 
a as to its nature it is freely called the electric 
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IJaeg. How many kinds of electricitif are there ? 
Ans. One — although it is spoken of And treated 
as two, positive and negative, 

({lies. How are these deaigmited f ^^^ 

Ans. By the plus sign + for positive and the 
negative sign — for the negative electricity. These 
signs are very useful in designating the two. 

Qnea. How do these etand in relation to each other t ^^H 
Ans. It is said that -|- electricity attracts^^l 

electricity, and that — electricity attracts + and the 

contrary, -f- repels -f-, — repels — . 

Qnes. How do these cuirenta flow ? 

Ans. Positive {-}-) electricity and ( — ) electricity 

I mean but a difference in pressure, always flowing 
from + to — as steam always flows through the 
steam pipe, engine and exhaust and never backward. 
It is impossible to generate a current of negative { — ) 
electricity of a higher pressure than the {•\-) positive 
current, 
pa 



Qnes. What is a conductor i 

Ans. Anything that will allow the electric car- 

nt to flow freely through it. All the lines (wires) 
carrying electricity are conductors, hence any- 
T which allows the tree passage of electricity is 

conductor, and anything which prevents the 
passage of electricity is a non-conductor. 



^^H 



^P At 
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Which is the most important ? 

Ans. It is just as necessary in practical work to | 
have good non-conductors as it is to have good 
conductors.* 

({nes. Name Home of the condiictors. 
Aos. The ground is a good conductor, which 
fact often causes great " trouble." Water i; 
conductor, and if the wires and their supports are 
wet, and if there are any conducting substances that 
will allow the passage of current to the groui 
there is trouble again. Other conductors are silver, , 
copper, iron, etc.f 

non-conductoTB ! 

, glass, silk, asbestos, woolen and 
Sotton cloth, dry paper, dry wood, oils. 




Ones. What Bubstances are generally used for 



Ans. Cotton or silk, coated with paint, varnish 
■ asphaltum ; the cotton and silk are the n( 
conductors, and the varnish, etc., are put over all to 
away the moisture. 






inbatancea will allow nt tlie psasose of some electricity, bnl 
Uiere are EubatanceH that offer a very stroDg reBlatanou to Ita paaa- 
ace they are generally called iDHUlatora, or simply noD-condiietora. 

t Silver la all ti Dee as good a conductor as Iron, that la, if yoa take 
• Eilver wire nnd an Irou wire the cnrrent will pass through ILe sUyer ■ 

^^r wire six tiroea as easy as throagh iron. Lead will only conduct ona- ^^^J 
^^^—VlaTMitli aa well as silver. ^^^H 



r 
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^^nt6, What is one of the moet important points in keep- 
ing up electric machines and circuits? 

Ans, To keep the circuits well insulated and to 
allow no accumulation of oil and dirt around the 
machines to form a conducting substance. Lamps 
and dynamos must also be kept clean so that they 
work freely. Gas, moisture, and steam are to be 
watched for, as they all destroy the necessary insu- 
lation. 

Qnes. What is a dynumo-electric machine ? 

Ans. It is a machine driven by power, usually 
by steam or water, used to convert mechanical 
power into electrical energy. 

QaeB> Deecribe. geuersillyi the construction of a, dynamo. 

Ans. There are various styles of dynamos, but 
they are all built upon similar principles. First, 
there is the magnet core, usually made of wrought 



iron ; second, a 


round the 


cot 


■e are wo 


und field coils 


—the field coJl 
with soft cottot 


IS copper 
1 thread a 


nd 


re generally 
double-wour 


insulated 
id ; third, 


pole pieces, usu 
the magnetic co 
the pole pieces 
because it is th 


ally made of cast iron, into which 
re is cast ; the round space between 
; is the magnetic field— so called 
lere that the lines of magnetic force 




cross from one pole to the other, and where the arm- 
ature is placed ; the pole pieces are united by, fifth, 
a "yoke," which completes the magnetic current ; 
this is practically an electro-magnet of the horse- 
shoe form, with the wire wound on near the poles. 
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IhuiB. "What la the meaaing of the term insulaitad ? 
Ans. This means removed from the sensation of 
touch, handling or feeling — rendered insensible to 
touch. 

tjnes. What is the object of insulatiiig the wire of electro 

magnota ? 

Ans, So as to form lines of travel for the mag- 
netic force. 

<(nes. What would be the effect, if, tiirough imperfect i 
inaulation, the wjrea of the magnetic coil came into contact 
at some point or other T 

Ans. It means so much loss, and if the insula- 
tion is too imperfect the whole circuit will have to 
be abandoned or newly insulated. 

Ques. Is there any diftereace in the names of the polee in 
permanent and electro magneta t 

Ans. In a magnet the pole into which the lines 
of force are assumed to enter is called the south 
pole; the pole from which they are assumed to 
emerge is called the north pole — in other words the 
north pole is positive and the south pole negative. 

^^Bi^es. What is a permanent magnet 1 

^^H Ans. It is a bar of U-shaped steel which con- 

^^Bflues magnetized for an indefinitely long time. 

^^K (Jnes. What is an electro magnet ? 
E Ans. It is a body of iron which becomes magne- 
tized by the electric current passing around it 
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conducted by insulated wires — it is the opposite of a 
piermanent magnet because upon stopping the 
machine the magnetic condition ceases. 

Qnes. What la a switch t 

Ans. A switch is a device used to make or break 
a circuit — the switch is so arranged that the hand 
will start it, while a powerful spring throws the 
switch open or qloses it immediately. 

(Jaes. What is a. brush t 

Ans. This consists of a quantity of straight 
copper wires laid side by side, soldered together at 
one end and held in a suitable clamp ; two layers of 
wires are often thus united in a single brush. 

Brushes are also made of broad strips of springy 
copper, slit for a short distance, so as to touch at 
several points. 

ijaes. What is the object of sUtting the brush T 

Ans. The subdividing of the spark at the 
contact, 

mportant relating to 

Ans. A brush should never be lifted off the 
commutator while the dynamo is running. 

I^nes. When do the brushes cause ■ ' flasliing " ? 

Ans. When they are out of position, too far 
ahead or too far back or not set directly opposite 
each other ; if the brushes do not have sufficient 
contact, a machine will frequently flash. 



[lash. ^^J 
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tjues. What is the use of the cotnnnttator ! 

Ans. The commutator or collector of a dynamo 
is used for changing the alternating currents, as 
produced in the armature, to continuous currents as 
delivered to the lines. The commutator transfers 
these currents, as they are formed, to the brushes, 
which convey them to the lines coritinuously in one 
direction. 

What is the commutator ? 
Ans. In general, a cylinder made up of alternate \ 
sections of conducting and non-conducting substan- i 
ces, running parallel with the shaft of the machine ^ 
upon which it turns. 

QneB. What muy be Eaid about tlio trouble caused by the 
dynamo ? 

Ans. In the commutator and brushes will be 
found the greater part of the difficulties that the 
engineer in charge of the dynamo has to contend 
with in his electric plant. 

Qdbs. What ia the difference between an incandescent 
light and an arc light ? 

Ans. The incandescent* light is produced by 
passing electricity through a carbon ribbon or fila- 
ment confined in a vacuum ; an arc light is produced 
by passing electricity through two carbon pencils 
slightly separated, in open air. 



^Hftgnts Aimu an "i 
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QDestions and Answers Relating to Gravitj 
and Strength of materials. 

IJaes. What is gravity ? 

Ans. It is an unexplained force which draws 
every particle of matter toward every other particle. 
It extends to all known bodies in the universe, from 
the smallest to the greatest. 

Qnes. What 13 epecifio gravity ? 

Ans. Every substance in nature has a weight 
specific — or peculiar — to itself. For example, pine 
wood has a certain weight and cast-iron has another 
certain weight, hence, the specific gravity of a body 
is its weight compared with the weight of another 
body taken as a standard. 

Qnes. Wliat is the accepted etaudard for all SoLida and 
liquids T 

Ans. Water, 

Ques. What is the standard of oomparison for all gasea ? 

Ans. Air. 

Qnes. When we say that the Bpecfio gravity of iron 
' (wrought) ie 1.888, what do we mean ? 

^^L Ans. That it is seven times as heavy as water 

^^m and ^jW over.* 

■ The beavleat of h11 known aubatanoes ia platlDum, whose Bpeclflo 
(rravlty la 2i, water 1 : and the Lighteet at all welgbable bodies ia 
hydcogan sas, whose apeclfic grftvity Is iVso. common air being 1. bnl 
air Is SIS lighter than water. Heooe, by calculation, it wlllba lound 

Llh«.t platinum ia 347,00) Clmefl heavier Ihan hydrogen, anda wide Toagi 
U allowed to the various hodlei whkh He between tbeas eztremee. ^^^J 




Qneh How may weight be defijied 1 What ie it 

Ans. The weight of a body is the force it exerts ' 

isequence of its gravity. We weigh a body by 
measuring the force required to hold it back, or to 
^eep it from descending, hence weights are nothing 
1 measures of the force of gravity in dilfer- 
mt bodies. 

[fi bodies together 

Ans. It is the strength of cohesion ; this is the 
power residing in the minute particles of matter, 
called molecules, to cling together. 

Ques. Name four ways in ■whicli this cohesion may be 
overcome in a liar of iron or piece of timber, and the common 
names of tlie forces used ? 

Ans. 1. The bar may be pulled asunder ; resist* 
ance to this force is called ttmiU strength. 

may be crusned in the direction of its 
[■, length. This is direct thrust or compression, and 
L the resistance to it is called the crushing strength. 

. The bar may be bent or broken from the direc- 
I'tion of the middle or side. This is transverse straia 
Bor flexion, and resistance to it is called trattsveru 
I Itrength. 

: bar may be twisted ofEj this is torsion 
[' resistance to it is torttonal stretigth. 

QaeB, Define stress and strain. 

Ans. Any bending or breaking pressure ia 8 
\ Stress ; its effect on the piece is a strain ; hence the ' 



I 



r^ 



I 

I 



136 ENOmEBBS' EXAHnyATIONS. 

Strength of a solid piece or bod}^ is the total resist- 
ance it can oppose to strain in that direction. 

<(neB. What is the Hydrometer ? 

Ans. It is an instrument constructed for the 
especial purpose of ascertaining the specific gravities 
of liquids. ^H 

Qnes, How maj the specific gravity of soUds be found 1 ^H 

Ans. Advantage may be taken of the important 
fact that when a body is whoUy immersed in water, 
it displaces a bulk of that liquid exactly equal to its 
own, hence the difference of its weight in water 
from that of its weight in air must be the weight ol 
an equal bulk of water, 

<{ues. What is a Sallnometer i 

Ans. It is a glass or metal instrument, by means 
of which the density of water is ascertained. In 
plain language it is a salt measure or hydrometer. 

Qaes. Wliat is the amount of ealt held in solution in sea 
water! 

Ans. One thirty-third (A). This quantity is 
called one degree, and if the water of a marine 
boiler tested by the instrument shows A, it is 
expressed by saying "two degrees", if A, then 
three degrees, etc. 

Hues. How are the Salinometers graduated t 

Ans. Some into Jjds, and some into 3ads, each, 
I'C pre sen ting about five ounces of salt to a gallon of 



I water.* 



salt lias G oz. of salt per gallon of 
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In the use ot tho Salinotneter where should a 



Ans. They should be used on water taken from 

the boiler almost as soon as it ceases to boil, as 200° 

is the usual temperature at which these instruments 

■ are tested, and as the density of fluids vary accord- , 

Ring to their temperature, I 

Tablb op Specific QBAvrriEa. 



sba.^1 



Plron (cast). T.207 

(wroaght) 7.688 

|-Bteel(so£t) 7.780 

(tempered) 7.840 

[ Lead (cast)... 11.400 

(Hheet) 11.407 

Eraaa (cast) 8,384 

(wira drawn). . , 8.544 

Copper (sheet) 8.767 

(cast) 8.007 

f Gold (cast). 



(h-on 
(22 c 



lered) 1B.301 

rata) 17.481 

" ) 15.70B 

, cast)..., 10.474 
nered).... 10.511 

y) ia.580 

Kn 7.293 

Ziiio{caHt) 7.21B 

;e (gun metal) ... 8. 700 
Coal (Bituminous) 1,S56 

(Anthracite)... J ^2 




Charcoal 441 

Brick 1.900 

Clay 1.930 

Common Soil 1.BB4 

Emery 4000 

Glass a. 748 

Grindstone 2.143 

Gj-psum S.168 

Lime 2.720 

Granite 2.G23 

Marble 2.708 

Mica 2.800 

Millstone. 2.484 

Nitre 1.900 

Porcelain 2.386 

.... 1.770 



Phosphorus .... 

Pumice Stone OlS 

Salt 2.180 

Sand 1.800 

Slate 2.67a 

Sulphur. 3.088 



A 
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HORSE POWER (H. P.) 




The capacity of work of a eteain engine, a Bteam boiler, 
I OT of a wbole Bteam plant is reckoned in horse power. The 
■ abbreviatioD of the term ia H. P. 

A horse power is 83,000 foot-potmdH, or in other words, 
83,000 pounds lifted 1 foot high in 1 minute, or 650 pounda 
. lifted 1 foot in 1 second of time, hence 

A foot-pound is one pound moved upward one foot. 
Example, work done by lifting 30 pounds through a height ^^^ 
at GO feet = 1,500 foot-pounds. ^9 

While, by means of the Indicator, the horse power of thft^^H 
at«am engine can he determined to a nicety, the horse power ^^ 
of the Bteam boiler ia almost an unknown quantity; it has 
been agreed upon, however, to consider the evaporation of 

ISO IbB. of water in 1 hour to he the standard of efficienoy.* '^h 
(JaeH, What are the three kinds of liorse power apokM^^^^ 
and written about, which engineers should learn to cUb^^^^^ 
tinguish ! ^^H 

Ans. Nominal, Indicated and Effective. ^^| 



K 



* The aeveraJ testa nrnde on the lioilera used in the recent Chicago 
Sxpoaitlon tend to prove tbat there has been do iiupraTemi^Dt ia the 
roaidmiimoflleteiieyof bolieniBiiiceJO. But boilers are now made 
which caiTf high pressure as salely aa were the prenitres of USS bf 
the boilers theo made. 




I 
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Qbcs. What ia the difference between these 7 
Ans. The nominal (N. H. P.) is only used as a J 
general statement describing the dimensions of a I 
steam engine for convenience of makers and pur- [ 
chasers of steam engine, zd, the indicated (I. H. P.) I 
is the "calculated" work done within the cylinder. I 
3d, the effective {E. H. P.) is the work an engine ^ 
can do after deducting the amount required to drive J 
the engine when it is running unloaded. The letters I 
in brackets show the abbreviations of the terms. I 

Qnea. How ia the horao power of the boiler best deter- ] 

mined ?• I 

Ans. The only sure method is by the actual I 

^^^ measurement of the water evaporated. 1 

^^B Qnee. In getting this measurement what precautions j 
P^^Hdiould be taken ? 1 

Ans. Even when the amount of water intro- 
duced and the quantities passed off from the boiler 
are accurately known, there yet remains a doubt as 
to how much has been actually evaporated, and how 
much may have passed off in priming, unless the 
trial has been conducted with the boiler open to the 
atmosphere. To have the boiler thus open appears 
to be the only condition under which accuracy can 
be insured, unless a suitable apparatus can be pro- 
vided for accurately measuring the weight and tem- ^^_ 
perature of all the steam and water given off, when ^^H 
the boiler is working above atmospheric pressure. ^^H 

^L^ngJDf, see p»se» 10 ond W. ^H 
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Qnes. Can any boiler be said to be free from priming T 

Ans. There are very few boilers wiiich do not 
prime more or less, and the quantity of water passed 
in this way is quite considerable. 

[nes. In view of these facts, can there be anj accurate 



Ans. Unless the amount of water passed over 
with the steam by priming or foaming, when work- 
ing under pressure, can be accurately ascertained, 
the evaporative results are not to be relied upon, 
however careful in other respects the trial may hayQj^ 
been conducted. ■ 

QneB. Ib the intensity of boiling water itself constant I 

Ans. It is not, as the heat is ever varying during 
the intervals between firing, and the difference in 
height is thus dependant and changeable. 

Qnes. "What is the ordinary shop rule for estimating the 
horse power of the horizontal tubular boiler 1 

Ans. It is customary to consider fifteen square 
feet when exposed to the heat as being a horse 
power, and it is figured by the followin 

Rale for Bsilmating the Horse Power of Hoiixt 
^^L tal Tubular Steam Boilera. 

I 



Find tlie square feet of heating surface of the shell, heads 
va& tubes, and divide by 16 : the answer is the nominal hon9 



J 
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ICE MAKING AND REFRIGERATION. 



e connectioa between eteam eagineermg and refrigen^ I 
is equally intimate as that wliioh eiiats between engi- -I 
g and electricity. 
' Both refrigeration and electricity in their practical appH- 1 
cation to the service of mankind demand the highesiJ 
engineering skill, and it goes without saying that the engineer 1 
who is an expert in either of these widening lines of progress 1 
will receive comparatively the highest pecuniary return tor J 

■ That buildings will be soon cooled and ventilated ; 
artificial manner is assured by the high efficiency 
attained by mechanical refrigerating machines ; Bonie modi- 
fication of the methods now employed in cold storage houses 
will be adopted for buildings, and as steam will be the 
F ttctuating force, engineers must necessarily be employed in 
[ the care and operation of the machinery. This makes it 
desirable that the engineer should become as thoroughly 
posted as possible, regarding the principles and operation of 
the various mechanical refrigerating systems now in use, as 
well as those which will hereafter be developed, and he will 
find it greatly to his advantage to do so. 

The principles governing artificial refrigerati 

are becoming familiar to many engineers, yet many 



^^^ and i 



will I 

mple. ^^H 

our ^H 
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■B understand the practical workings of ihe machines 
bett«r Uian thej do the principles upon which the/ operate — 
in view of the large future opening to this comparattvelj 
new industry it were well to unite the two. 

A few easy definitions at the introduction of the subject 
may make tiie path of instruction plainer, 

A refrigerant is anything which abates the sensation of 
heat, or cools. 

To refrigerate is to cool ; to make cold ; to allay the heat 
Of — 

A refrigerating-Tnaehine is a machine for the artificial 
production of cold. 

Refrigeration is specifically the operation of cooling various 
Bnbetances by artificial processes, and 

Chemical refrigeration is effected by the use of freezing 
misturef), which have the property of producing a sufficient 
degree of cold to freeze liquids. 

Mechanical Refrigeration, in its strictest sense, is the con- 
version of heat into work by the expansion of a volume of 
gas or vapor, which performs work during the act of expan- 
sion ; in a broader sense, it is a process of refrigeration in 
which the cycle of heat changes is only partly produced by 
mechanical action, the mechanical part of the process being 
wholly confined to compressing the gas or vapor while 
liquifying it under the action of cold a»d pressure. 

Every refrigerating apparatus consists of three parte, viz. ; 
1. The power (an engine), and gas (ammonia) pumps which 
jas to a liquifying pressure. 
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B cooled and changed to 



3. A CDudeoser m which, the f 

8. A ayatem of evaporating' coils, in which the liquid ] 
ammonia is expanded into a gaseous Rlate and tliUB cools tlia 1 
BUrroundiog space by the absorptioi 

The refrigerating agent better than any known aubstance j 
which iiaa proved moat advantageous is ammonia. This 

Knbf mical boils at 40° below nero — as water boils at 312° above | 
diuB assuring a low temperature without resorting to ' 
)w presBures. 
ti 
i. 
s. 



iiQnestions and Answers Relating to Refrig* 
eration. 



1 Hum. What is anhydrous ammonia ? 




1 Aas. The word anhydrous means 


" free from 


water": ammonia unmixed with water is 


, sometimes 


called dry ammonia. 





Hthe 



Qnes. What are the advantages of ammonia over oi 
fluids for refrigeration ? 

Ans. Its great stability, its non-inflamibility and ' 
non-cxplosiveness ; it does not have the slightest 
effect on iron and steel, even when mixed with water, 
so that the machinery and piping which convey and 
circulate it are never in the least degree corroded, 
QneB. What is the standard of cold ]jroduotion 1 
Ans. Itisthe weight of the gas circulated through 
system and not the volume of gas. 



QneB. Bow much cold can be produced from a pound of 

Ans. Numerous tests have shown that with a 
fairly constructed refrigerating machine a melting 
capacity equal to that of 16 to 48 lbs. of ice can be 
obtained from a lb. of coal.* 

Qnes. What ia the Brine Bjatem of refrigeration ? 

Ans. In the Brine system one or more tanks 
salt water are used, in which the evaporating coils 
are submerged, and the liquid ammonia, allowed to 
expand within the cods, assumes its original gaseous 
condition and in doing so absorbs the l.eac from the 
surrounding brine, reducing it to any reauired tem- 
perature. 

Ones. In ice making how is the brine tank arranged ? 

Ans. It is arranged to receive galvanized sheet 
iron cans containing fresh water, which remain in 
the brine until their contents are frozen into solid 
blocks of ice. 

IJnes. 'What is the direct expansion eystem J 

Ans. In the direct expansion system the ammonia 
expands directly in coiis placed in the rooms to be 
cooled. 

<tueB. Which system (brine or direct expansion) ia mostly 
oHWi, and why ? 

Ans. The brine system, because the brine tanks 
afford a considerable reservoir of cold which may be 



^1 



wuibe. 
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drawn upon in an emergency ; another strong reason 

is that there is less risk of loss in the cooling rooms 
from escaped ammonia from leaking pipes; still 
another reason for preferring the brine system is i 
because the whole system of the ammonia gas ■ 
circulation is confined to one room or department, 
and directly under the control of the engineer. 

({nen. In the brine system how is the brine circulated ! J 
■ ; Describe the process. 

I Ans. It is accomplished by a special pump I 
described as the brine circulating pump, which J 
forces it through the pipes arranged in the rooms to ] 
be cooled, from which it returns to the tank to be | 
re-cooled and continually used over again, through 
an endless round of cooling and warming. 

n quite independent of the gaa 



Ans. Yes, the only spot they come in contact is 
the brine tank ; here the cold ammonia gas extracts I 
theheat from the brine as it flows through the tank; 
the two circulation systems do not come in nearer 
contact than that. 



4}nes. 

eysteni 1 



How is the cooling effected in the direct expansion 



Ans. In the direct expansion system the ammonia 

expands directly in coils placed in the rooms to be 

cooled, the pipes being stronger, but in other respects 

similar to those used in the brine circulation; in 

I^B this system the brine pump is omitted. 



r 
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({lies. What is the differenoe between a submerged aaa- 
denser and >in open air condenser T 

Ans. In one plan the system of pipes is sunk in 
a tank containing water and in the other the pipes 
are exposed to the air and water sprinkled over 
them, 

■ metliod what is the 



Ans. The water extracts the heat from the pipes, 
being under the requisite pressure the ammonia is 
cooled to the temperature of the condensing water, 
find becoming liquified, is ready for use. 

Ques. "What other principal Hyatem of refrigeration ia !□ 
use 1 Describe it. 

Ans. The absorption system. This consists in 
a dilierent arrangement of i, the power, 2, the con- 
denser, and 3, the evaporating coils, as mentioned 

on page 143.* 

Qnes. What are the parts of tlie absorption system 
Rpecially called ! 

Ans. I. The Generator, s. The Ammonia Pump. 
3. The Absorber. 4. The Condensing Tank. 5. 
Weak Liquor Tank. 6. The Equalizer. 7. The 
Freezing Tank. 8. The Cooling Tank. 9. Receiver 
. for Ammonia. 

re mentioned on page lU as essBntlal lo all sj-slemaej 



.lal 10 all ^rswmsAlE 1 ^m 
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Qnea. What refrigerant is luOBtly used in the abHorption J 
Byatem ? 

Ans, Ammonia largely reduced and mixed v 
water so that it is 26 per cent, strong — called prop-1 

QaeB. UpoD what chemicnl law is tbe absorption B^Btem 1 
based? j 

Ans. Upon that which allows ammonia to boil 1 
into gas at 40 degrees below zero, while water is . 
unaffected until 212 degreesis reached; theammonia J 
and water are thereby capable of being separated I 
and thus made to perform continuous work. 

Qaes. What is the erpansion yalve ? 
Ans. It is that which controls the supply of ' 
immonia to the evaporating coils. 

Qiiee. What advaotage Ip to b" gained by the use of the 
device called ' the agitJitor,'' 

Ans. Its use is to secure uniform freezing, which 
is accomplished by continually circulating and agi- 
tating the balh — this is sometimes done by the use 
of a centrifugal pump, which draws the brine frc 
one end at the bottom and discharging in the other 



Ques 
«o lorm 


Wbat is Ibe cycle or 
B through its round of 


circle of tbe amint 
use and reuse t 


Ans. 


1. Compr 
In order 


to rende 


2. Co 
r the 


ndensation. 
operation 1 
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ous these three are connected together, the gas 
passing through the system in the order named. 

Qnee. To what extent is the ammonia compreeaed ? 

Ans. From ii$ to 175 !bs. per square inch, 
depending upon the temperature of the condensing 
water used, either mechanically or otherwise, in 
order to prepare it for thesecondoperation-express- 
ed more plainly, "heat is squeezed out of the gas, 

tjneg. How about the condensation ? 

Ans. The heat developed or "squeezed out "in 
the compression is withdrawn from the compressed 
gas by forcing it through coils of pipe while they are 
in contact with cold water — the heat being trans- 
ferred to the water surrounding the coils.* 

Qnee. Of what does the expansion side conaiet and what 
Is its operation ? 

Ans. The expansion side generally consists of 
coils of pipe, in which the gas re-expands and per- 
forms ihe refrigerating work ; through these pipes 
the ammonia gas is drawn by the pumps at a press- 
ure varying from 10 to 30 lbs. above that of the 
atmosphere. 

Quea. Where do the " parts " meet ! 

Ans. The liquified gas is allowed to flow to a 
stop-cock having a minule opening which separates 
the compression from the expansion sides. 

•When tWs polnti.fr 
cDDdltian. Hud in ao ilolni 
sarroDndlng: wnter. 
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r instead of ammonia; 



What are air machines ! 

Ans. Machines that use ai 
cold can be generated by the expansion of air 
becomes heated under compression and will cool 
down again during expansion. Air machines are 
generally used on ship-board where machines of 
comparatively small capacities are needed, 

<(Des. What are the objections to air macliinea J 

Ans. Their large coal consumption, which is 
eight to ten times that of good ammonia-compress- 
ion machines — besides this the cotnpressing-pumps 
are very large, the friction to operate them is great 
and the loss by leakage around the piston becomes 
iderable in course of time. 
B8. What is a doubie-acting compressor ? 

Ans. One which handles the gas on both the 
upward and downward stroke. 

Ques. What are its advantages ? 

Ans. The friction will be the same foF all the 
working parts, while double the work is being 
effected. 

QneB. What is the greatest trouble to be overcome in 

* ■ rating niaohiuery r 

Ans. Leakage. 

<}ne8. What ghould be one of the flxHt rules aa to the 
machinery and appliances ? 

Ans. They should be kept clean and in good 
order ; means should be provided for cleaDing the 
entire distilling system by steam. 
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HEAT AND WORK. 



heat then- would be no steam engine n. 
boiler, ueitber engineer or fireman. 

Hie eervIceB of tbe engineer are ohiefly devoted to chang- 
ing heat in to work; the beat which la carried to the engine 
in tbe steam h eitlier transformed into useful work, or it 
paHses away to waste in various ways, and the sum of tbe 
beat usefully employed plus the heat which ia wasted always 
equals exactly the heat which was apphed, 

This is owing to a fundamental principle in nature that, 
just as matter can neither be created nor destroyed, thougii 
it may be made to assume different forms, risible or invisible, 
HO energy, whether lieat energy or any other, cajm.ot be 
destroyed. It may take a variety of different forms, but the 
sum total of the energy remains tl)e same. This principle is 
called tbe principle of the "conservation of energy." 

I Tbe temperature of a body indicates how hot or how cold 
the body ia. 
: 
ati 
hei 



We must not fail, however, to diatinguiBb the temperature 

a body from tbe quantity of beat in a body. Thus, if a 
cup of water be dipped out of a pailful of water, the temper- 
ature of the water is the same throughout, but the quantitiy of 
heat varies as the weight of wal^r in each vesseL 
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Before quantities of heat can be measured we must have 
a unit of lieat, just as we require a, unit of length. Namely: 
tlie inch or foot in order to measure distance, or the pound 
or ton in order to measure weight. 

The unit of heat Is the amou^ of heat necessary to ralsa 
the temperature of one pound of water one degree Fahren- 
heit when at a norma! temperature. 

Heat is transferable from one body to another, that Is, 
one body can heat another \iy tiecoming less hot itself; thus, 
the furnace heat is transferred to the boiler plates, thence 
to the water and steam, and finally to the piston. In the 
driving of which heat is changed into worlt. 

The natural condition of heat ts a condition of energy, 
that is of a condition to effect changes — of coal into gas. of , 
water into steam — and steam Into woric. ' 

Que". What is the mechanical equivalent of heat ? 

Aos. The amount of heat necessary to raise i 

lb. water from or near its freezing point (32°) one 

degree, is equivalent to the mechanical power which 

will raise 77S lbs. through a height of one fool. 

Qnes. How can we express units of lieat as units of work 1 

Ans. Multiply the units of heat by 778. 

(Jiie^. Huw does this question of beat and work affect the 
enKineer ! 

Ans. The whole business of the engineer is the 
superintendence of machines by means of which the 1 
conversion cf heat may be carried out. 



(JnFB. What is a thermometer for and how does it act ? 

Ans. Thermometers are used to indicate tem- 
perature, and they do so by the rise and fall of a 
little column of mercury enclosed in a tube of very 
fine bore, and having a small bulb at the bottom 
containing a store of mercury. 

QneB. How doee this show change or heat or temperature ! 
Ans. If the thermometer be warmed by any 
means, the mercury expands and tends to occupy a 
larger volume, and the column therefore rises in the 
stem of the tube; or, if the thermometer be cooled, 
the mercury will contract or diminish in volume, 
and the column will shorten or fall. A graduated 
numbered scale is affixed and the smallest change in 
temperature shown by the movement of the surface 
of the column is thus very easily detected. 

(Joes. How ia the thermometer Bcale divided or grad- 
uated ? 

Ans. The instrument is placed in melting ice, 
and the point to which the mercury falls is marked 
the free:!ing point. It is then put in boiling water 
exposed to the air and the point to which the mer- 
cury column rises is marked the boiling point. The 
distance between these two points on the most com- 
monly used thermometer, the Fahrenheit, is divided 
into i8o equal parts or degrees. 

On the Centigrade thermometer the distance be- 
tween these two marks is divided into loo equal 
spaces or degrees — the word Centigrade is derived 
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from the two words meaning a grading by the 
hundred. 

In the Reaumur scale, the same distance is divided 
into 80 degrees. 

(JnCB, What is the position of zero on these Bcales I 

Ans. The last two make the freezing point zero, 
while the Fahrenheit makes the freezing point 33°, 
and thus the zero is i8c°+3i'', or 212° below boiling 
point, and temperatures are measured from zero up 
and down the scale. 

IJnes, What is meant by the tenn "energy " 1 

Ans, It may be defined as the power of doing 
work. When heat is applied to water it confers 
upon the steam which is produced the power of 
doing work, such as driving the piston from one end 
of the cylinder to the other, against a resistance. 

Qnea. What is specific heat ? 

Ans. It is the heat required to raise the temper- 
ature of a substance one degree, as compared with 
the heat necessary to raise the temperature of an 
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MEASURES AND WEIGHTS. 



A large proportion of time Is taken up In counting, 
measuring and in weighing, and an engineer's success 
the path of adyantement is largely influenced by his readi- 
ness la these. 

To avoid disputes there needs to be a certain well agreed 
upon standard, both of weights and measures, by which 
all will agree to be governed. 

This agreed standard for each operation la called the 

QaeB. "What is the unit or raensure of time t 
Ans. A minute. 

QaeB. What is the unit of arithmetical calculations t 
Ans. ThefigTire (i) one. 
(Jnes, What is the unit of pressure ! 
Ans. The pressure of the atmosphere at the level 
of the sea. i4yV lbs. to the square inch. 
Qnes. What is the unit of work ! 

Ans. The foot-pound, which is the force required 
to lift one pound one foot high. 33,000 of these 
make one horse-power when executed in the unit of 
lime (one minute). 
Qrcb. What is the unit of heat 1 

Ans. It is the heat required to raise one pound 
ter one degree — or say, one pound of water 
from 32° to 33°. 
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STEAM HEATING AND VENTILATION. 

No small proportion o£ engineers' positions are retained, 
after being secured, by a practical familiarity with the eare 
and management of the heating and ventilating apparatus; 
it is tnie that nearly always this apparatus la furnished, as 
to plan and detail, by the architect, yet the engineer must 
operate It to the satisfaction of the owner of the Bteam 
plant, or lose his situation. 

Hence it follows that no engineer will ba granted a U- 1 
cense to run a steam plant, where there Is an extensive sys- 
tem of heating, unless he shows by hia answers that he la 
capable of its management and understands, somewhat, the 
principles upon which it acts. 

A system of heating and ventilation should, in the first 
place, be simple, so that the average engineer shall be com- 
petent to operate it. It should be of sufBcient capacity to . 
do the heating required for all the space, and it should be ^^H 
safe, durable and economical. ^^H 

In planning and In the management of the apparatus, ^^H 
both the heating and ventilation should be considered aa ^^H 
one — they are inseparable and together form a complete ^^H 
whole; the apparatus should warm the air in an enclosed ^^H 
apace to a temperature conducive to comfort and health, ^^\ 
and supply a uolume of air suStcient to tnaintain a sanitary 
standard of purity; both conditions — heating and ventila- i 

^^1 tlon — must be controllable and constant, with the air de- ^^M 
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liveries so made that no complaint can be found with the 
engineer- In -charge. 

In heating and ventilating, the natural laws which 
govern must be regardtid, otherwise all applications will be 
experimental, thus: 

1. Air occupies space the same as solids and liquids, hut 
hecause it is invisible It is not so regarded. 

2. Cold air falls because of its density and heated air 
rises because of Its rarity. 

3. A given voiume of air occupies a given space 
volume cannot occupy the same space at the same time. 

4. A volume of air can be delivered into a room only 
equal to the quantity displaced therefrom; when a space is 
full it can hold no more. 

Ventilation is a substitution of fi-esh air for foul; it 
should be a gradual, constant an^ complete changing of the 
air in a room or strurture. 

The piping of a mill or factory or workshop was, com- 
paratively, a few years ago, an easy task. To-day high 
buildings, with hundreds of business offices, government 
liuildlngs with elaborate equipment and furniture, art in- 
stitutes and museums with treasures and relics, mansions 
and cottages, are being warmed by special systems studied 
out by the mechanical engineer and master steam-fltter. 

The systems are becoming Intricate; they require draw- 
ings, planning, accurate measurements and calculations on 
areas and capacities, mechanical knowledge of steam and 
water, of pipes, furnaces, boilers, valves, fittings and those 
other adjuncts which have become necessary in the exten- 
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alve use vt steam and hot water. la short, there la a, great 
deal to be learned concerning present methods, and a great 
deal more to be learned in the Euture, as experience. Inven- 
tion and improvement will ehow. 

It is, theretore, time for this branch Of business — steam 
and hot water heating — to be recognized as one worthy of 
attention. Investigation and study. 



Questions and Answers Relating to Heating 
HL and Tentilation. 



Qaes. What is a very important principle to be observed 

in arranging a system of piping 1 

Ans, They should be so designed that there is a 
gradual slant from feed to return, with no air or 
water " pockets " and nothing to be in the way of a 
thorough circulation. 

Qaes, How should tbe fire surface of a boiler be propor- 
tioned to the quantity of pipe to be heated 1 

Ans. The extent of surface which a boiler should 
expose to the iire should be proportional to the 
quantity of pipe to be heated, and a small apparatus 
should have more surface of boiler in proportion to 
length of pipe than a larger one, as the fire is less 
intense and burns to less advantage in a small fur- 
nace than in a large one. It is more economical to 
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work with larger surface of boiler at moderate heat 
than to keep the boiler at its maximum temperature. 
Qnes. tn taking cliarge of a new plant, vbat is the first 
thing lo be done by the engineer ? 

Ans. To ascertain the exact course, size and 
operation of the steam, water, drain and other pipes. 
Qses, Why is it neceseary to do this bo sood 1 

Ans. Because the boilers cannot be supplied 
with water even, nor blown off without the pipes 
being in order, nor steam taken to the engine nor 
distributed in a heating system without proper con- 
nections. Besides, it is well to do the most difficult 
thing first — the piping, being largely out of sight, is 
most difficult to inspect — more so than the engine, 
boilers or pumps. 

QneB. Name some of the essentials to an efficient system 
of pipiQg ? 

Ans. Pipes and valves should be of sufficient size 
to carry the full pressure of the boiler to the engine; 
elbows with a long turn are best, and T's arc to be 
avoided, if possible, Pipes of proper size and easy 
bends are essential to eccnomy. 

Qaes. Whatother matter relating to tbo piping is essential 



Ans, The covering of all pipes by some good 
non-conducting substance, as condensation in the 
pipes when uncovered or partly covered increases 
greatly the cylinder condei 
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as important in warm as in cold weather, as steam 
80 to iDo lbs. pressure has a temperature of 315 to 
342 degrees of heat. 

(Jhps. What is well to be koown by an engineer relating , 
to Hteam fitting and piping ? 

Ans. It is almost a necessity to linow the names . 
and uses of pipe fitters' tools, to be familiar with ihc 
different fittings and styles of valves, sizes, etc. 

QneB. What are some of the fittings ? Name a few of 

Ans. Gaskets, nipples, steam and water unions, 
couphngs, ells, lock nuts, off-setts, coils, radiators, 
steam traps, headers. 

Ques. What ia the very beat non-conductor of lieat 1 

Ans. Confined air — hence the best composition 
for steam pipes is that which has the largest quan- 
tity of confined air mixed with the material of which 
it is composed. 

Qnes. In pipe covering what two dangers must be guarded 
against f 

Ans. The danger of fire, and second, that there 
are no currents of air formed between the pipe and 
the covering. 

Qaes. What is the latest idea in regard to ventilation ? 

Ans. That the best results are only to be had by 
a mechanical system, extracting the air and replac- 
ing it by fresh supplies — -hence the increasing use of 
exhaust fans and blowers driven by various motors. 
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THE SMOKE PROBLEM. 



^^H Much TexatlouB litigation has hcen caused by the "amoke 

' Dulsani^e," so denominated In the ordinances passed by 

many cities; there has been a lively controversy between 

the offlclalB and steam-users as to. first, the possiblttty and. 

PBecond, the practicability of preventing amohe from issuing 
from the tops of the chimneys of steam plants. Many pro- 
prietors have been called to the bar of Justice and fined for 
the offence, and not a few engineers have been threatened 
with arrest: at times both engineers and owners have been 
^^^ summoned to plead guilty or not guilty to the crime of 
^^L smoke production. 

^^P That amoke can be absolutely prevented la proved by the 
^^B operations of gas works, which yearly converts into gas, 
coke, tar, etc., millions of tons of bituminous coal without 
smoke. 

The smokeless combustion of powdered coal, which has 
recently become an important tact in Europe. Is greatly 
facilitated by the adoption of a new automatic mechanism 

I and other arrangements. The fuel. Instead of being intro- 
duced in the ordinary manner, is first ground to a powder, 
and, in place of the ordinary boiler firebox, there is a com- 
bustion chamber in the form of a closed furnace lined with 
flrebrick, and having an injector similar in construction to 
those used in oil-burning furnaces. This chamber has two 
openings, one on the centre line and in the place of the usu- 
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al furnace Are door and the other on tlie opposite side. ThsB 
oriflce of thB nozzle la placed In the latter aperture and' 4 
throws a constant Htream of fuel into the chamber, the ] 
nozzle being so located that It scatters the powder through- 
out the whole space of the firebox; when the powder la o 
Ignited, which Is very readily done by first raising the lin- 
ing to a high temperature by an open fire, the combustion 
continues in an intense and regular manner under tiie ac- 
tion of the current of air which carries It in. This current is 
regulated by the amount of powder required for the prodnc 
tlon of the heat led off to the holler and the evaporation 
of the weight of steam demanded. 

It may thus be seen that the question is not one of posal- 
bllity but of praclicability or economy: It being allowed 
that smoke prevention cannot be economically elfBcted, 

Engltah towns are more tronbled by the smoke nuisance than any 
at tliose of one awn conntry. Tbe aliBoluLe nbaltmeut ot ttie smnlie 
being economically Impossible, l be cities buve udopted ordinHnctB to 
coutrol and minimise tbe nnisBnce. Thua MancbestGr. for example, 
baa a city Ian nbtcb permits of tbe continuoaa emIasloQ of blark 
smoke from any factory for one minnte eafb baW bour. Oldham 
allowH Dine mltinteH per bonr. St. Qolens, Newcastie-on-Tyne Hnd 
Leeds, five minutes. At Birmingham tite inspectors Hatch tbe chim- 
ney for an hour; tbey report ibe way in vvbicb the smoke is emliteil, 

longtime has elapsed between offenses, letters of caution are sent ouC 
Bbeffleld allows all minutsH in tlie hoitr. but where there are not mnie 
than three steam boilers and no farnaCBS. tour minutes In the bonr | 
only. Ati^toke-oH'Trentif black smokels emitted tora longer period 
than fifteen minntea, proceedings are taken. BoUoa allows two and n 
half minutes in the half hour. In this connection It may be o( Inter, 
eat t« slate that the Manchester Association baa cansed 1827 holt- 
hourly obaerrationa to be made of various cblmneys of tbe members, 
and ihe reanltof tbeae observations showed that black smoke Isauod 
for 3221 minutes, an averBge ol one minnte forty-six aec< 
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THE SMOKE PROBLEM. 

then tbe problem ie as to a medium eflect. Attention is 
called to the foot note regarding the practice obtained In 
Bngland In dealing with the question. 

"Human nature has not," said recently a distinguished 
lecturer, "is not, nor will it ever, be able to dole out the 
exact equivalent of air necessary for the complete consump- 
tion of each fresh charge of coals on the furnace grate." 
One of the reasons given was, "that coals differed so much 
In the quantity of their constituents as to make the above 
Impossible," 

In an Investigation made by the lecturer, dati was collect- 
ed of the number of tons of coal coaaumed in a given time 
by thirteen puddling furnaces, and also of the color of the 
smoke emitted from the same. About 30,000 cubic feet of 
smoke gases were emitted every seventy seconds, of which 
the speaker declared that, "he was willing to forfeit any- 
reasonable sum of money, it any one could prove that there 
was more than one part by weight of unburat fuel in 2,6S0 
parts, owing to rarefaction and the smoke on the average 
being only of a light brown color." 

One point made la not without its pertinence in the prea- 
eut crusade against the smoke nuisance, and it is given as 
stated regarding some unreasonable prosecutions made of 
offenders: "If people more generally knew what the compo- 
sition of smoke was. manufacturers would not iu many 
cases be persecuted and prosecuted as at present, and au- 
thorities would exercise their discretionary powers in a 
more aenaibie and lenient manner," It need hardly be aald 
that in very many instances of offence this criticism is not 
without its weight. 
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I Questions and Answers Relating to the 
Prevention of Smoke. 

Hues, What is tlie first requisite in the aolution of the 

smoke problem 1 

Ans. Its formation should be prevented at the 
start, as the afler-combustion or burning of smoke * 
is almost impossible and quite the reverse of 
economic 

QoeB. Qive the generalljr accepted practice in prevention i 
of emoke. 

Ans. A high furnace temperature is most e 
tial and this is best secured by a good draft ; second, 
ample space in the furnace or combustion chamber 
for the mixture of the products of combustion 
(ga-es), mixed with, third, a due proportion of air; 
this must be supplied in some common sense manner, 
either through perforations in the furnace door or 

P rough minute openings in the bridge or side walls. 
Qmei. Where must the air be otherwise supplied T 
Ans. Through the grate bars. 

Ques. What proportion of air space should there be 
between the bare f 

Ans. Generally speaking, 50 per cent., although 
this amount may be increased for large size, hard 
and lump, bituminous coal; for pea c 
distance between the bars must be les 
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QaeB. Wliat are Bome of the principal iJifficultiea in the 
■way of Binokb prevention t 

Ans. The worst trouble comes from uneven 
himney draft, and again the varying qualities of 
coal which require different quantities of air-admi 
turc. 

Qnes, Is there any difference made in the quantity 
amoke by having too much or too little air f 

Ans. Yes, cither too much or too little air causes 
imperfect combustion — hence the smoke. 

(Jnes. If the exact quantity of air needed wafi Bupplied to 
the furoacit. would there be any smoke ! 

Ans. Not any to be observert. It may be said 
thus — with no air absolutely no combustion; with 
right quantity — then perfect combustion; with too 
much or too little then — smoke. 
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ComputaUoDS usaally miuie of stack cnpaeUr aseiime the chim- 
ney gaaes Ui be of the flame epeclflc arnvlty as air. This Ih not true, 
03 ti'hen combQBtioD ia complete the gases are really a. mliLtire ot 
larbonlc acid bob, tiltrogen and eteitm: tlie pruportlous varylne ffllh 
different coals. As these require different amounts of air, the vary- 
i(]B weighta of the gases of combnstioii cause a difference in the draft 
power of the same chimney. It Is rare that Just the proper amonnt ot 
alria admitted, and (here iaa loss when the n mon nt Ifl too little or loo 
great. Very often there la a surjilns of air, reaching someilmea as 
high M ioa per cent. 
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There are various characters or marks used In arithmeti- 
cal computations, to denote several of the operations and 
propositions,' the chief of which are as follows: 
^ Equal to. The sign of equality; aa 100 cents^^l, aigni- 

I flea that 100 cents are equal to one dollar. 

K— jlfinus, or Less, The sign of subtraction; aa 8 — 2^6; 

^ that is, 8 less 2, la equal to 6. 

+ plus, or More. The Blgn of addition; aa 4+5=9; that la, 

4, added to 5, la equal to 3. 
X Multiplied by. The sign of multiplication; as 6xC^3B; 

, that ia, G, multiplied by 6, Is equal to 3fi. 

■h- Diviaed by. The sign of division; as 12-i-3=4; that is, 

m 12, divided by 3, Is equal to 4. 

The signs of proportion; as 3 : 4 :: 8 ; 16; that ia, 
as 2 is to 4, so is S to IS. ' 

^^ 7 — 2+5=10. Shows that tlie difference between 7 and 2, 
^^L added to 5, is equal to 10. 

^^^ * added to a number, signifies that the number Is to bo 
^^H squared; thus: 6", means that G is to be multiplied by 6. 
^^H ■ added to a number, signifies that the number is to ba { 
^^H cubed; thus: 5^^^5X5X5^125. The index, or power, 
^^H is the number of times a number Is to be multiplied by 
^^^1 itself, a.nd is shown by a small figure placed at the right 
^^^B of the rumber to be raised, and a little elevated. 
^^^B The bar E^ignlflea that alt the numbers under it are to be 
^^H taken together; as 7+4—3=8; or, 5x6+4=50. Tho 
^^^B parenthesis ( ) is sometimes used In place of the bar. 
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SUMMARY OF ARITHMETIC. 



The following abridgment ol several ol the rules of arlth,*' . 

metlc, often referred to In elementary books on mechanical 
science, are here inserted for the convenience of reference. 
These rules and examples are given merely to refresh the 
memory, it being taken for granted that the reader has 
already acquainted himself with the principles of common 
arithmetic. They will, however, be found serviceable, both 
as a convenience ot reference, and to give some insight to 
the subjects on which they treat. 

DECIMAL FRACTIONS. 
A decimal traction dei'ives Its name from the Latin de- 
cern, "ten," which denotes the nature of its numbers, repre- 
senting the parts of an integral quantity, divided into a ten- 
fold proportion. It has for its denominator a tmt, or whole 
thing, as a gallon, a pound, a yard, &c., and is supposed to 
be divided into ten equal parts, called tenths; those tenths 
Into ten equal parts, called hundredths, and BO on, without 

The denominator of a decimal being always known to 
consist of a unit, with as many ciphers annexed as the nu- 
merator has places, ia never expressed, being understood to 
be 10, 100, 1000, Ac, according as the numerator consists o( 
1. a, 3, or more figures. Thus: f^ ^'^ jVo'o *c- tlie numer- 
ators only are written with a dot or comma before tiiem^ _ 
thua .2 .24 .I2S. 



The use of the dot ( . ) la to separate the decimal from the 
•Whole cumbers. 

The flrst figure on the right of the decimal point Is In the 
place of tenths, the second in the place of hundredths, the , 
third in the place of thousandths, &c., always decreasing 
from the left towards the right in a tenfold ratio, as in the 
following 
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Ascending, Descendine- 



^^^^ A cipher placed on the left band of a decimal decreases 
^^^ Its yalua in a tenfold ratio hy removing it farther from the 
decimal point. But annexing a cipher to any decimal does 
not alter its value at all. Thus . 4 is ten tiroes the value o( , 
0.04, and a hundred times 0.004. But 0. 7^^.70=0.700=1 
~'j_0.7000, &c.. as above remarked. 
0.2 la read two-tentha. 
0.25 " ■' twenty-five hundredths. 
i 0.375 " " three hundred and seventy-five thousandthB. ^ 
f 0.1S70" " one thousand eighthundredandseventy-six 

ten thousandths, and so on, 
I Mixed numbers consist of a whole number and a decimal; 
"» 4.25 and 3.876. 
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Addition of Decimals. 

Rule, — ^Arrange the numbers so that the decimal points 
shall be directly over each other, and then add as in whole 
numbers, and place the decimal point directly below all the 
other points. 



FRACTIONS. 




fff is the 


same as .5 


jIjs 


.07 


T§oir 


.080 


iVoVV " 


.1248 


8A " 


8.6 


7 8 tt 


7.0000^ 




84.25 


^TJTUlfuJiin! 


5.00001 


480 *• 


- 480. 



read 5 Tenths. 

read 7 Hundredths. 

read 80 Thousandths. 

read 1248 Ten Thousandths. 

read 8 and 6 Tenths. 
7.000008 read 7 and 8 Milliontha 

read 84 and 25 Hundredths. 
5.0000006 read 5 and 6 Ten Millionths. 

read 480 

585.5748086 read 585 and 5748086 Ten 

Millionths. 

Subtraction of Decimals. 

Rule. — Place the numbers directly under each other, 
according to their several values, as in addition; then sub- 
tract as in whole numbers, and point off the decimals, as in 
the last rule. 

Example. — Subtract 7.75 from 15.125. 

15.125 

7.75 



7 . 375 remainder. 
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Multiplication of Decimals. 
Rule. — Place the factors under each other, and multiply 
them together as in whole numbers; then point off as many 
figures from the right hand of the product as there are 
decimal places in both factors, observing, if there be not 
enough, to annex as many ciphers to the left hand of the 
product as will supply the deficiency. 

Example,— Mnltii^lj 3.625 by 2.75. 

3.625 X 2.75=9.96875. Ans. 

Division of Decimals. 
Rule, — Prepare the decimal as directed for multiplica- 
tion; divide as in whole numbers; cut off as many figures 
for decimals in the quotient as the number of decimals in 
the dividend exceeds the number in the divisor; and if the* 
places in the quotient be not so many as the rule requires, 
supply the deficiency by annexing ciphers to the left hand 
of the quotient. 

Example l.—Divide 173.5425 by 3.75. 

3.75)173.5425(46.27 
1500 

2354 
2250 

1042 
750 

2925 
2625 

300 
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Example 2.— Divide 63.50 by 4.25. 

4.25)63.50(14.94 
425 



LlOO 
1700 

4000 
3825 

1750 
1700 



RULE OF THREE, OR PROPORTION. 

The Rule of Three teaches how to find a fourth propor- 
tional term to three given numbers. 

The rule of three is either direct or inverse. 

When more requires more, or less requires less, it is di- 
rect. Thus, if 5 barrels of beef cost $30, what will 12 barrels 
cost? Or, if 30 cubic inches of cast iron weigh 8 lbs., what 
will 378 cubic inches weigh? 

The proportion in both of the above cases is direct, and 
the statement must be 

As 5 : 30 : : 12 : 4th term=72 Ans. 

30 : 8 : : 378 } " =100§ lbs. Ans. 

When more requires less, or less requires more, the rule 
is inverse. Thus, if 3 men do a certain piece of work in 5 
days, in how many days will 4 men do the like quantity? 
Or, if 12 men build a certain quantity of wall in 28 days, in 
how many days will 8 men perform the same work? 




8 ; 28 : : 12 : " —42. 

The product of the second and third terms, divided by the 
first, a. ways gives the fourth term. 

Three numbers are necessary for a statement; and two of 
tiiese must contain the supposition, and the third the de- 

Rule. — Of the three given numbers, place that for the 
third term which Is of the same kind wlththeanswersought. 

Then consider, from the nature of the question, whether 
the answer will be greater or iesa than this term. If the 
answer ia to be greater, place the greater of the two num- 
bers for the second term, and the less number for the first 
term: but if it la to be less, place the less of the two remain- 
ing numbers for the second term, and the greater for the 
first; and in either case multiply the second and third 
terms together, and divide the product by the first for the 
answer, which will always lie of the same denomination as 
the third term. 

Note.— H tha first and Bocond terms contain different dpnomlnn- 
tlons, they mn"i bolh be rcdTiteil lo tha unmn ii(.nnmlnaiin>i : anil 
componnd Dnmbttra In inKjicrB of the lovKWt 
iait. 

Example. — 11 40 tons of Iron cost 1450, what will 130 tons 
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ARITHMETICAL PROGRESSION. 



Arithmetical Progression is a series of numbers which 
succeed each other regularly, increasing or diminishing by 
a constant number or common difference: 

As 1, 8, 5, 7, 9, &c. ) increasing series. 
15, 12, 9, 6, 8, &c. } decreasing series. 

The numbers which form the series are called terms. The 
first and the last term are called the extremes, and the 
others are called the means. 

In arithmetical progression, there are five things to be 
considered, viz.: 

1, The first term. 

2, The last term. 

3, The common difference 

4, The number of terms. 

5, The sum of all the terms. 

These quantities are so related to each other, that when 
any three of them are given, the remaining two can be 
found. 

Given the first term, the common difference, and the num- 
ber of terms, to find the last term. 

Rule. — Multiply the number of terms, less one, by the 
common difference, and to the product add the first term. 



SmtUART OF ARITHMETIC. 



:mple. — ^What is the 20tli term of the arithmetical pr 

.. whose flrst term is 1, the commoa difference i 

20—1^ 



9 and 19xi=9J; and 91+1=101. Ana. 



terms and the extremea, to find the 



Oiven the number o 
CO mm on difference. 

Rule. — Divide the difference ot the extremes by o 
than the number o( terms. 



Example. — The 
terms 14, required thi 



I and 29, and the number of 
difference. 



extremes, to find 



29—3=26; and 2G-^13=^2, 
Given the common difference and the 
the number of termff. 

Rule. — Divide the difference of the extremea by the com- 
mon difference, and to the quotient add one. 

Example. — The first term ot an arithmetical progression 
Is 11. the last term 88, and the common difference 7. What 
is the number of terms? 

SS— 11=77; and 77^-7=11; 11+1=12- Ans. 
Given the extremes and the number of terms, to find the 
sum of all the terms. 

RuJe.— Multiply half the sum of the eictremes by the num- 
ber of terms. 

Example. — How many times does the hammer of a clock 
strike in 12 hoars? 

1+12=13 the sum of the e 
Then 12x(13^2) = '; 



L 
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And make proper adjustment of valve gear and regulator, 
please read careluUy and follow the Inatnictlona bere 
given: 

The Steam and Exhaust Valves. — Take on the back 
valve chest cover or bonnets and upon the bore of the seats 
you will find a mark which is in line with, or coincides with 
the closing edge ot the port for that particular valve seat. 
Look upon the end of iiie valve and find a mark running 
towards the centre ot the valve; thia line coincides with the 
closing edge of valve. Note that in case of the exhaust 
valve, the valve controls the part leading Into the exhaust 
passage and not the opening from the cylinder downward. 
The upper edge of the exhaust port is the closing edge and 
the outer edges of the steam ports are the closing edges. 

Tfie Wbist Plate — should now be looked over and you 
will find a mark upon the hub of the same, and correspond- 
ing marks upon the hub of the wrist plate bracket. Also 
marks which show the full extent of motion of the vrrlst 
plate when it is moved bacli and forth by the eccentric. The 
wrist plate should be located exactly central between the 
four valves and is so placed In the shop in building the 
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mactine, aad all adjuBtmenta are made and valves properly 
set, but in taking apart for adjustment it may be possible 
that tiie adjuBtmenta may be distributed and need careful 
going over before attempting to start the engine for tlie first 

To Test thb Mabkb oh Whist Plate Hub — connect the 
eccentric rods and engage or drop tbe cai'rier rod, back upon 
the wrist plate stud; then turn the eccentric upon the shaft, 
the full extent of its throw or vibration each way, and 
.observe if the marks upon the hub of wrist plate at full 
throw agree with the marks upon the bracket; It not, dis- 
connect the strap from eccentric rod, and adjust the screw 
on stub end by lengthening or shortening, as required, until 
the marks do agree on both extremes of movement. Now 
you are ready 

To Set the VALvEs.^Place the wrist plate in a vertical 
position (at the central mark); turn the valves around in 
their seats until the ateam valves show by the closing edge 
marks upon their ends by comparison with the port line 
marks in the seats, that the steam-valve edges lap over or 
cover the ports 1 of an inch for 18-inch bore of engine 
cylinder, || for 24-inch cylinder, and ^j for 80-inch cylinder. 
The exhaust valrea should show from -fg to J lap, according 
to aize of cylinder. 

Ik Cos>"ectiso toe 'Wbibt Plate — see first that the cut-off 
latch is hooked on the stud or is engaged. Leave the plate 
and valves in this position and adjust the length of the 
wrist plate rods to suit the distances between the studs, or, 
in other words, connect the wrist plate and steam and ex- 



hauBt valve an&B so the wrist plate stands at the oentrel 
mark or vertical, and the steam aad exbaust valve bave 
the proper lap and opening as Instructed, the proper 
amount of steam lap and exhaust opening being determined 
by the size ot (he engine. 

To Make Final Ahjustments. — Now you can drop the 
wrist plate carrier rod hoolt on the stud, place the crank 
upon the centre, knowing which way the engine shaft fs to 
run, turn the eccentric upon the shaft, it being loose. In the 
same direction in which the shaft is to run, a little more 



than at right ang 

valve on the san: 

open, say ^ of an 

on the shaft by m 

all cases that the 

the cut-off mechanism. Then 

poalte centre and see i( the stea 



ahead of the crank or until the steam 
nd as the piston is Just beginning to 
:b — in this poaition secure tlie eccentrio 
s of the set screws in the hub, See in 
im valves are hooked up or engaged by 
irn the crank on the op- 
valve on that end has the 



same amount of opening; If not, you can make the adjust- 
ment by lengthening or shortening the wrist plate rod at- 
tached to this valve. 

To AojiTST THE Cut-Off, See that the governor and 
connections are put together properly, and block the gover- 
nor about half way In the slot; then fasten the reach or cam 
rod lever so it stands about at right angles to a line drawn 
midway between the reach rods; then lengthen or shorten 
the reach rods until the cam or trip levers stand vertical or 
plumb. The governor and connections now occupy the 
proper relative positions, and it remains to make the 

Exact AnjusTirexT and to equalize the cut-off. so the 
same amount of steam is admitted at each end of the stroke. 
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Also, lower the governor and observe when the governor Is 
down that the cut-off mechanism does not unhook hut al- 
lows Bteam to be taken full stroke,* after which place the 
crank at, say i of the stroke, which can be done by 
measuring upon the slide ways from each end and turning 
the shaft (with all parts connected up) until crosshead la 
fair with the mark, then slowly raise the governor until 
the cut-off on the end taking stedm trips or unhooks, and to 
insure this point being accurately determined. It Is well to 
stand by with the hand pressing down npon the dash-pot 
rod; now block the governor In this position and try the 
cut-off on the other strolte same distance from the end. 
After a few trials back and forth and adjusting the length 
of the cam rods, the cut-ott can be made to drop at precisely 
the same point of stroke. Take care to secure everything 
permanently when done. 

The Dash-Pot Rod should ba adjusted in length so the 
Bteam valve arm resting thereon, when the dash-pot plunger 
is home, or at the bottom of the pot, is in such a position 
that the latch is sure to hook over the latch stud, and the 
stud lays midway between the latch die and the closing 
shoulder. This wil! insure, on the one hand, the positive 
engagement of the latch, and on the other hand prevent the 
shoulder from Jamming down upon the latch atud in steam 
arm. If the dash-pot rod Is too short the latch will not hook 
on. Look out for this. 
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The Dasii-Pot Is provided with a leather packing In tlie 
vacuum plunger underneath the daeh-pot proper. This 
should be kept la good coudltlon. To spread the packing in- 
troduce some Hnera of paper inside the flange or cup 
leather. When leather Is adjusted just right the pot works 
promptly and softly. The air valve la the air opening ia to 
regulate the amount of air cushion by turning the screw In 
the escape hole. 

The Regulator Gaq-Pot la used on Corliss engines to 
prevent over-sensltlveneas ot the governor, and to its re- 
sponse to trivial changes. Use only coal or kerosene oil in 
this pot, and remove one or more of the screws In the piston 
to give freedom of motion. See that all parts of the gover- 
nor move Jreely. 

Using a Steaji E^-cI^-E Indicator to test the correctness 
of valve setting is the moat approved method known, and 
should be applied in cases where an Indicator can be ob- 
tained. Recollect that to adjust the point of cut-off to take 
same amount of steam to each end, adjust the cam or reach 
rods. To give more or less lead adjust the wrist plate rods. 
Lengthening them increases the lap, and shortening them 
gives more lead. The same with the exhaust valves, the 
cushion or release being affected thereby. If the eccentric 
is properly set it is not necessary to disturb it in ordinary 
cases. In closing these directions, let us impress upon you 
the necessity of marking everything, so at a glance you can 
tell if It has been disturbed. 
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^^V Emergency Rule fob Setti.vq Slide Vai-veb. 

I n the eccentric slips around tlie ahatt, or any other acci- 

dent throws the valve-gear out of position, then. 

1. Have some one roll the enKine forward In the directloa 
It runs until the crank is on the dead centre. 

2. Open the cylinder cocks at each end. 

3. Admit a small amount oF steam Into the steam-chest 
by opening the throttle slightly. 

4. Roll the eccentric forward, in the direction the engina I 
runs, until steam escapes from the cylinder cock at the end 
where the valve should begin to opeu. 

5. Screw your eccentric fast to the shaft. 
G. Roll your crank around to the next cen 

tain if steam escapes at the same point, at the opposite end 
of the cylinder. If so, the valve is la position for service, 
until an opportunity occurs to open the steam-chest and ex- 
amine the valve-gear. 



Embbgenct Rule fob Settixo Duplex Pmip Valves. 

Take off the valve chest cover, push the piston to water I 
end. mark the piston rod by tying a string at the gland, 
then push same piston to stem end and tie another string 
around it. Find the centre between the two marks and 
move the piston until the centre mark reaches the gland 
where the first mark was made. After this Is done see 
bow the valve is for lead; if equal at both ends your valve 
Is set, If not, adjust your Jam nuts to suit. Work the s. 
way with the other piston. 
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1. Can I build and maintain a Bre with an Intensity at 
heat sufficitnt to hold a working pressure of steam? 2. Can 
I Are with soft coal a:i^ pievpnt smoko Issuing Crom niy 
chimney in too large volumes? 3. Can I pack the valve 
stems, chest covers and piston rods of the engine and feed 
pump? i. Can I line up shafting? 5. Can I lace up a belt 
in a suitable manner and run if on the pulley safely? C. Do 
I understand, and can I replace the ■working points of the 
feed pump when they become worn? 7, Can I determine, 
by its action, whether piimp Is delivering water to the boiler 
or not? 8. If not, can I tell where the difficulty exists? 

A chief engineer's position Is no sinecure. It requires 
constant study, thought and action. It takes men ot hard 
brains to fill soft situations, it also requires years of applica- 
tion for brains to harden, hence one too young or inexperi- 
enced should hesitate in accepting a position which they 
know they cannot possibly fill with mutual profit to them- 
selves or tlie owners, ^J 

Elementary and Prelimhiary Questions by t&e^H 
Uxamiaing Engineer. * 

These questions are given as those frequently asked ot tlio 
applicant upon his first appearance for examination. 

I. Where and how long did you serve in the works at the 
making or at the repairing of engines and in what capacV 



ties? 2. How long have you Berved as a, fireman? How long 
have you been employed as an engineer, and where? 3. Give 
some further idea of the extent of your experience tts an 
engineer. 4. What kind of enginea are you familiar with? 
Marine or land, condensing or non-condensing, horizontal, 
compounds, etc? 5, What defects in engines have c 
under your notice? G. What caused these detects and how 
were they remedied? 7. With what description of boilers 
have you served? 8. Descrlhe a horizontal tuhular holler. 
9. Descrihe a vertical holler. 10. What boiler defects have 
come under your notice and how have they been remedied? 
1 1. Have you ever witnessed a steam holler explosion, and if 
BO, give the cause? 12. Give the names of the firms for 
wliom you have served or vessels upon which you have been 
engaged? 13. What parts of the engine are usually of cast 
iron? H. For what parts of an engine is steel sometimes 
used? 15. What are hand holes put in boilers for? 10. How 
often do you open tliem? 17. What Is the s 
hole cover, and about what is Its size? 18. What Is priming 
in a boiler and what means are taken to prevent It? 

NoTE..-AboE]ermaker says that never before have 
lieenof better quality than they are tt)-ilH;. A coutrxiy beliuf Is often 
enpreBsed ; but modem maetery (it steel maSinK has lessened t lie m 
gin between good steel and inferlDr Bteel. The danger with boiler 
making is not poor steel, bat poor workmansliip. Batllr spaced tubes, 
rivets and braces, plates too tbin for the work, deficient safety attacb- 
metits. and lll-proportloDed settings are points wbere the ignorant or 
at nuke a aheap and. ilaogeioiis boiler. 
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V. S. GOVERNMENT RULES FOR THE SAFETY 
VALVE. 



The following rules Issued by the United States Board of 
Supervising Inspectors, on account ot changes in the rules 
for granting licenses to engineers of steam vessels, are 
entirely accurate for use in figuring the diHerent probletna 
relating to the safety -valve. 

To /ind the weight reguired to load a given safety-valve to 
blow at any specified presstire. 

1. Measure the diameter of the valve, if it is not known, 
and from this compute Its area exposed to pressure. 

2. Weigh the valve and lis spindle.* If it is not possible 
to do this, compute their weight from their dimensions as 
accurately as possible. 

3. Weigh the lever, or com.pute Its weight from its dimen- 

4. Ascertain the position of the centre of gravity of the 
lever by balancing It over a knife-edge, or some sharp-cor- 
nered article, and measuring the distance from the bal- 
ancing point to the fulcrum. 

* Tn find the weight o( tha Tilva, apindlo, lever, etc., proceed aa 
follows : Take out tha v&lve itnd BplDdle aud weigh them and make a 
notaof It, thenpatUiembBCkfn place, connect the lever and drop It 
In place resting on the valve Bpindle, tie a, string to the lever directly 
over the Bplndie, hook on tha scales 1o the Btring and'weigh the lever, 
to the weight ot the lever add the weight of valve and eplndle. or the 
weight may be toand approslnrntely by oompotatlon. 



5. Measure the distance from the centre of the valve to ' 
the fulcrum. 

G. Measure the distance from the fulcrum to tte centre of 
the weight. 

Then compute the required weight as folIowB; 

1. Multiply the pressure in pounds per square inch at i 
which the valve is to be set by the area of the valve 
square Inches; eet the product aside and designate It I 
"quantity No. 1." 

2. Multiply the weight of the lever in pounds by the dis- I 
tance in inches of its center of gravity from the fulcrum; 
divide tiie product hy the distance in Inches from the center 
of the valve to the fulcrum, and add to the quotient the 
weisM of the valve and spindle in pounds; set the sum ' 
aside and designate It "quantity No. 2," 

3. Divide the distance in inches from the center of the | 
valve to the fulcrum by the distance, also expressed in j 
inches, from the center of the weiglit to the fulcrum; desig- 
nate the quotient "quantity No. 3." 

i. Subtract quantity No. 2 from No. 1, and multiply the J 
difference by No. 3. The product will bo the required weight .| 
in pounds. 

To find the length of the lever, or distance from the ful- 
crum at which a given loeight must lie set to cause the valve j 
to bJow at any specified pressure. 

The area of the valve in square Inches, the weight of tha 1 
valve, spindle and lever in pountis. the position of the center 1 
of gravity of the levsr. and the distance from the center of 
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the valve to the fulcrum, must t>e kcown, as ia 
ezrmiple. 
Then compute the required length as follows: 

1. Multiply the area of the valve In square Inches by the 
pressure in pounds per square Inch at which It is required 
to l>low; set the product aside, and designate it "No. 1." 

2. Multiply the weight of the lever in pounds by the dis- 
tance in Inches of its center ot gravity from the fulcrum; 
divide the product by the distance in inches from the center 
of the valve to the fulcrum; add to the quotient the weight 
of the valve and spindle; set the sum aside, and designate 
It ■ No. 2." 

3. Divide the distance In inches from the center of valve 
to fulcrum by the weight ot the ball in pounds, and call the 
Quotient "No. 3." 

4. Subtract "No. 2" from "No. 1," and multiply the 
difference by "No. 3"; the product will express the distance 
In inches that the ball must be placed from the fulcrum to 
produce the required pressure. 

To find at what pressure the saTety valve will commence 
to blow iDfeen the weight and its position an the lever are 
known. 

The weight of valve, lever, position of centre of gravity of 
lever, etc., must be known as in both the preceding exam- 
Then compute the pressure at which the valve will blow, 
as follows: 

Multiply the weight of the lever by the distance of its 
center of gravity from the fulcrum; add to this product 
that obtained by multiplying the weight of the ball by Its 



(liatance from tbe fulcrum; divide the sum of these two 
products by the distance from the center of the valve to t 
fulcrum, and add to the quotient ho obtained the weight of 
the valve and spindle. Divide the sum by the area of the 
valve; the quotient will be the required blowlng-off preBBurt 
in pounds per square inch. 

Example. 

Suppose ve have a safety valve, with a weight of 50 lbs 
suspended 24 inches from the fulcrum; say the lever weighs 
G lbs., gravily center (balancing point) 15 Inches from th-^ 
fulcrum, weight of valve and spindle 2 lbs., and its center 4 
inches from the fulcrum, and the diameter of the valve 2 
inches, at what pressure will the valve open? Now. then; 

Diameter of valve Is 2 inches; its square la 2x2=4; Its 
area ia 0.7854x4=3.1*16; the weight of the ball is 50 lbs., 
its distance from fulcrum Is 24 inches, and 50x24^=1,200; 
the weight of lever is 6 lbs., the center of gravity is 15 
Inches from the fulcrum, and 15x0^90; the weight of the 
valve l3 2 lbs., and Its distance Is 4 inches from fulcrum, and 
4X2=8; the area of the valve is 3.14IC, and its center Is 4 
Inches from fulcrum, then 4X3.1410=12.5664, and 1200+90 
+8=1398, and 1298 divided by 12,SC64=103.3 lbs., or tho 
pi essure at which the valve will open.* 





•The ■• 


momect" or lev. 


>rftgB 


of the ateaoi Ib the total 


IpraaSQre 




ling upwanls. multlpned by thi 


1 diBiiiiiLe m iQcb™ from 


tbe pivot 




iliB Talve 


!-3[em. The mom 






ing down- 




.rila la 111 


e total weight of 


■ the ball moltiplled by the dJ 


iBtBncB in 




;heH from 


1 the pivot to the i 




paapportotthebaU. When-thero- 


toi 


rL*, Itio m. 


.monl ot ihe alaam, which acts Qp.varda. exceeds Ijoth ihe 



r 




U. S. O0TER.VJfEffr ItULES. 



ERNMENT RULES FOR EXAMINA^ 
F APPLICANTS FOR ENGINEERS' 
LICENSES. 






It will be observed that in land service tbe engli 
amined witii reference to his capacity to manage a particu- 
lar steam plant, especially the steam generating apparatus. 
He is licensed to have charge of a particular "plant" and 
(or a single year; but In the marine service, where the ex- 
■ amtnations are conducted by sworD officers of the U. S. 
Navy, the liceDse la granted without reference to a particu- 
lar craft, nor is it limited to time, except the candidate is 
subject to re-examination; the marine licenses, however, 
vary as to ocean and inland steamers, tug boats, etc. _ 

Regulations Relating to Marine Engineers. ^H 

1. Before an original license Is issued to any person to 
act as engineer, he must personally appear before some local 
board or a supervising inspector for examination; but upon. 
the renewal of such license, when the distance from any lo- 
cal board or supervising Inspector is such as to put the per- 
son holding the same to great inconvenience and expense to 
appear in person, he may, upon taking the oath of offlce be- 
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'fore any parBon authorized lo administer oaths, and for- 
warding the same, together with the license to be renewed, 
to the local board or supervising inspector of the district la 
which he resides or is employed, have the same renewed by 
the said inspectors, If ao valid reason to the contrary he 
known to them; and they shall attach such oath to the stub 
end of the license, which is to be retained on file in their 
office. And inspectors are directed, when licenses are com- 
pleted, to draw a hroad pen and red ink mark through all 
unused spaces In the body thereof, so as to prevent, so far 
as possible, illegal interpolation after issue. 

2. The classification of engineers on the lakes and sea- 
board shall be as follows: 

CHIEF. 

Chief engineer of ocean steamers. 

Chief engineer of condensing lake, bay and sound steam- 



Chief engineer of non-condensing lake, bay and sound 



Chief engineer of condensing river steamers. 

Chief engineer of non-condensing river steamers. 

Chief engineer of condensing freight, towing, and fishing 



Chief engineer of non-condensing freight, towing and 
fishing steamers. 

Chief engineer of condensing steamers under one hun- 



Chief engineer of non-condensing steamers under ( 
hundred tons. 
^^^M^bief engineer of canal steamers. 
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FIRST ASSISTANT. 

First aaalatant engineer of oceaii steamers. 

First assistant engineer of condenslog lake, bay, 
sound steamers. 

First assistant engineer of non-con deoBlng lake, bay, and 
sound steamers. 

First assistant engineer of condensing river steamers. 

First assistant engiaeer of non-coadensing river steamers. 

First assistant engineer of condensing freight, towing, 
and Ssblng steamers. 

First assistant ensineer of non-coadeoalng freight, tow- 
ing, and fishing steamers. 

First assistant engineer of condensing steamers uoder 
one hundred tons. 

First assistant engineer of non-condensing steamers 
der one hundred tons. 

First assistant engineer of canal steamers. 



SECOND ASSISTANT. 
Second assistant engineer of oc 
Second assistant engineer of condensing lake, bay, and 
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Second assistant engineer of non-condensing lake, hay 

and sound steamers. 
Second assistant engineer of condensing river steamers. 
Second asdstant engineer of non-condensing river steam- 
Second assistant engineer of condensing freight, towing, 

and fishing steamers. 

Second assistant engineer of non-condensing f relghtj tow- 

ing and fishing st 
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Second assistant engineer ot condensing steamers under 
one hundred tons. 

Second assistant engineer of non-condensing steamers 
under one hundred tons. 

THIRD ASSISTANT. 

Third assistant engineer of ocean steamers. 

Third assistant engineer of condensing lake, bay, and 
sound steamers. 

Third assistant engineer of non-condensing lake, bay, and 
sound steamers. 

Third assistant engineer of condensing river steamers. 

Third assistant engineer of non-condensing river steam- 
ers. 

Third assistant engineer of condensing freight, towing, 
and fishing steamers. 

Third assistant engineer ot non-condensing freight, low- 
ing anu fishing steamers. 

First, second, and third assistant engineers may act as 
such on any steamer of the grade of which they hold license, 
or as such assistant engineer on any steamer of a lower 
grade than those to which they hold a license. 

Inspectors may designate upon the certificate of any chief 
01' assistant engineer the tonnage of the vessel on which he 
may act. 

3. Assistant engineers may act as chief engineers on high- 
pressure steamers of one hundred tons burden and under, 
of the class and tonnage, or particular steamer for which 
the Inspectors, after a thorough examlnafion, may find them 
qualified. In nil cases where an assistant engineer is per- 
mitted to act as first (chief) engineer, the inspector shall 
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state on the lace ot his certificate or llcenae tbe class and 
tonnage ot steamerB. or the particular eteamer on which he 
mar so act. 

4. It shall be the duty of an engineer when he aEsumes 
charge oF the boilers and machinery or a steamer, to forth- 
with thoroughly examine the same, and If he finds any part 
thereof In bad condition, caused by neglect or inattention 
on the part of hia predecessor, he shall immediately report 
the facta to the local inspectors of the district, who shall 
thereupon investigale the matter, and if the former engi- 
neer has been culpably derelict of duty, they ahall suspend 
or revoke his license, 

5. No person shall receive an original license as engineer, 
or assistant engineer, except for special license on small 
pleasure steamers ot ten tons and under, and ferry boats 
navigated outside of ports of entry and delivery, who has 
not served at least three years in the engineer's department 
of a steam vessel. 

I Section 5. (Second paragraph amended.) Provided. That 
any person who has served as a regular machinist in a 
marine engine works for a period of not leas than 
three years (not Including any time he may have 
served as an apprentice, may be licensed as an 
engineer ot steam vessels of one hundred tons and 
under, and for inferioi' grade of license above one 
hundred tons) ; and any person who has served 
for a period of not less than three years as a 
locomotive engineer, stationary engineer, regular ma- 
chinist in a locomotive or stationary engine works 
(apprentice machinist in an engine works), and 
any person who has graduated as a mechanical 
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engineer from a duly recognized Bchool of technology, may 
be licensed to serve as engineer on steam veasela after liaving 
had not less than one year's experience in the engine depart- 
ment of a steam vesael, which experience must have been 
obtained withintwo years preceding tbe application (which 
fact must be Terifled by the certificate in writing of the 
licensed engineer or master under whom the apphcant has 
served, said certificate to be filed with the application of tlie 
candidate), and no person ehall receive license as above, 
esoept for special license, who is not able to determine the 
weight necessary to be placed on the lever of a safety valve 
(the diameter of valve, length of lever, and fulcrum being 
known) to withstand any given pressure of steam in a boOer, 
or who is not able to figure and deternaine the strain brought 
on the braces of a boiler with given pressure of steam, the 
position and distance apart of braces being Itnown ; such 
knowledge to be determined by an examination in writing 
and the report of the examination filed with the application 
in the oflice of the local inspectors, and no engineer, or 
assistant engineer now holding a license shall have the grade 
of the same raised without possessing the above qualifl- 
cations. 

And no original license shall be granted any engineer, oi 
assistant engineer, who cannot read and write, and does not 
trnderstand the plain rules of arithmetio. 

The Secretary of the Treasury has issued the following 
rules concerning the examination of apphcante for tlie posi- 
tion of second assistant engineer in the United States revenue 
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A oasdid&te for an appointment as secc 
engineer must not be less than twenty-one nor more than 
thirty years of age : he miist be of good moral character and 
correct habits ; he must have work>'d not less than eighteen 
months in a in&chine shop and hiLve liad responsible charge 
of a steam engine, or else have served not less than that 
period in charge or asGisting in tlie care and management 
of the machinery of a ateam vessel in active service. "Upon 
examination, he must bo able to describe and sketch all 
tbe different parts of the marine steam engine and 
boilers, and explain their uses and nie<:hanical operation, 
the manner of putting them in action, regulating their 
movemente, and guarding against danger. He must write 
a fair legible hand, be well acquainted with arithmetic, 
simple mensuration, English orthography smA composition, 
also Tvith rudimentary mechanics aud its practical appli- 
cations; he must jtoesess some skill in the use of ordinary 
hand tools, and have a fair practical knowledge of t}ie 
nature of lieat and Kl«am, of the general laws in relation 
to the expansion of steam, of the uses of the indicator and 
interpretation of diagrams, of the chemistry of combustion 
and corrosion, of the composition of sea water and uses of 
the salinometer, and of the usual calculations to determine 
loss by blowing, gain by heat, and water necessary for con- 



No person otherwise qualified will be commissioned as an 
engineer before he has shown hia ability to perform duty at 
sea in a satisfactory manner for a period of at least six 
months. This service may either antedate or be acquired 
Bubsequent to an examination. 
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No person will be originally appointed to a higher grade 
than second asaiBtant engineer, not until he ahall have passed 
a physical and professional esamination. The physical ei- 
amination shall preceed the profeasional, and if a candidate 
be rejected physically, he will not be examined further. All 
profesaional examinations will be competitive in character, 
and applicants, who pass the minimum standard required in 
several subjects, will be placed upon the list of persons elig- 
ible for appointment, in the order of the excellence of their 
esaminationH, respectively. From thia list appointments 
will be made in regular order, as vacancies may occur, until 
another examination. 

No person will be designated for examination until he has 
filed in the department the necessary certificates showing his 
proper qualii^cationH as to character, habits, and time or 
times of service, and the ability that has been displayed dur- 
ing such service- 
Any person producing a false certificate of age, time of 
service, or character, of making false statement t« a board 
of examination, will be dropped immediately. 

Any person who, subsequent to his examination, may be- 
come disqualified from, moral considerationB- will not be 
appointed. 
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(UODSIi OF) 



CITY ORDINANCE RELATING TO ENGIN) 
LICENSES. 






The following la given ss a model of city regiJationB re- 
quiring examinationB, and as nearly all State and city laws 
aie Bubstantialljr alike, tliis may eufBce to indicate the legal 
requirements to be conformed to by the applicant. The full 
text of the law here given ehoWB very clearly the reaponsl- 
bilit? of the system of ticeosing an engineer and the gravity 
with which it is regarded by the public : 

8kc, 888. Any person desirous of being employed to take 
charge and control of any stationary engine, steam boiler, or 
other steam generating apparatus within the city of Cleve- 
land, shall apply to the Examiner of Engineers for a blank 
application, which shall have been prepared by said Exami- 
ner of Engineers. 

After said applicant shall have filled out said blank a^Ii- 
cation, and shall have caused the same to be signed by three 
(8) reputable stationary engineers, who shall have obtained 
previously a license for said employment, he ehall then apply 
to the said Examiiier of Engineers, to be examined by the 
said Examiner of Engineers touching his qualificationB for 
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Buch emplojtuent. and if the said Examiner of Engineera, 
after having made an examination, shall have found said 
applicant pOBSesaed of the necessary qualifications for said 
employment, he shall give Baid applicant a certificate to that 

On presentation of Buch certiflcate to the City Clerk, aft 
the payment to aaid clerk of the sum of fifty (50) cents for 
the first issue of a license and twenty-five (25) cents for each 
subsequent issue thereof by such applicant, the said clerk 
shall issue to such applicant a license under the seal of said 
city, authorizing sucli applicant t^ take charge and control 
of a stationary engine, steam boiler, or other apparatus for 
generating Bteam, for the period of one year from the date of 
its issue, and the said clerk shall pay all moneys so received 
by him into the treaaury of said city, to the credit of the 
general fund, provided, however, that said Examiner of 
Engineers BhaU issue no such license to any applicant who 
Bhall not have had one (1) year's practical experience in said 
eimployment, exc«pt in private dwelling liouBes. 

Sec. 889. It shall be unlawful for any person or peraons 
to take charge and control of any stationary engine, steam 
boiler, or other apparatus for generating steam, except in. 
private dwelling houBe^, without having a license to do so, 
as provided in the foregoing section, which license shall be 
eKjwsed to view in a conspicuous place in the room or place 
contaitiing the boiler, generator, or engine of which such 
person is in charge : provided, however, that all licenaea 
heretofore issued in pursuance of said original ordinance shaU 
continue iii force for the period for which they were issued. 
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It shall be unlawful for any person or persons, ptatneTship 
or association, compaDy or corporation, knowingly to employ 
or keep In their employ for the purpose of taking charge and 
control of any stationary engine, steam boUer, or other 
apparatus for generating steam, except in private dwelling 
houses as aforesaid, any stationary engineer or other person 
who has nut been licensed as above provided and reijuired. 

Skc, 390. It is hereby made the special duty of every 
police ofQcer or patrolman, and the superintendent of police 
is hereby instructed to give the said Examiner of Engineers 
all possible asBistance to enforce the provisions uf this chapter, 
and for this purpose the police shall have authority to enter 
any shop, factory, mill, store, warehouse. hot«I or other 
building or structure in which a steam boiler or engine ia 
located, and to demand to be shown the license of the engi- 
neer having charge of said steam bailer or engine. 

Sec. 391. Whoever violates any of the provisions of this 
chapter ehall be subject to prosecution before the Police 
Court of said City, and on conviction thereof be lined in any 
sum not less than ten dollars nor more than twenty dollars 
for the first offense, and not less than twenty dollars nor 
more than fifty dollars for the second and eooh subsequent 
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LAWS RELATING TO THE INSPECTION OF 

(_ STEAM BOILERS, 

in. 



■ According to the laws of the State, every owner, agent or 
m boiler or boilers, in the City of New York, 
shall annually report to the board of police, the location of 
said boiler or boilers, and, thereupon, the officers in command 
of the sanitary company shall detail a practical engineer, who 
shall proceed to inspect such steam. boUer or boilers, and all 
apparatus and appliances connected therewith. 

When a notice is received from any owner or agent that 
he has one or more boilers for inflpection, a printed blank 
is returned to him stating that on the day named therein 
the boilers will be tested, and lie is asked to make full pre- 
paration for tlie inspection by complying with the following 

Be ready to t«st at the above named time. 
Have boiler filled with water to safety valve. 
Have 1^ iuch connection- 
Have steam gauge. 
Steam allowed two-thirds amount of hydrostatic pressure 
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The foIlDwiag' have also been adopted by 
Inspection Compames: 



How to Prepare for Steam Boiler Inspection, 

1. Haul &Ti-a and all ashes from furnaces and ash pils. 

2. If time will pcnnit. allow boiler and settings to cool 
gradually until there is no steam pressure, then allow vat«r 
to run out of boilem. It is best that steam pressure should 
not exceed ten pounds if used to blow water out. 

8. Inside of boiler should be washed and dried throu^ 
manholes and hand boles by hose service and wiping. 

4. Keep safety valves and gauge cocks open. 

5, Take oS manhole and handhole plates as soon as 
after steam is out of boiler, that boiler may cool inside suffi- 
ciently for examination ; also keep all doors shut about 
boUers and settings, except the furnace aiui ash pit doora. 
Keep dampers open in pipes and chimnei/i. 

0. Have all ashes removed from under boilers, and fire 
Burfaces of shell and beads swept clean. 

T. Have spare packing ready for use on manhole and hand- 
hole plates, if the old packing is made useless in taking off oi 
Is burned. The boiler attendant is to take off and replace 



8. Keep all windows and doors t« boiler room open, after 
fires are iiauled, so that boilers and settings may cool as 
quickly as possible. 

9. Particular attention is called to Rule 5, respecting doors 
— which should be open and which closed — also orrongemeDt 
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of damper. The importance of cooling the inside of the 
boiler by removal of manhole and handhole pliitea at the 
same time the outside is cooling, is in equalizing the procem 
of contractioa. 



^^_ laBulng CertiScates. 

^^^ These conditions having been complied with, the boiler is 
thoroughly tested, and if it ia deemed capable of doing the 
work req^uired of it, a nmnber by which it shall hereafter be 
known and designated is placed upon it in accordance with ' 
the city ordinance : Failure to comply with this provision in \ 
putiiBhable by a flue of ^25. A certificate of inspection is | 
then given to the owner, for wliich a fee of $3 is paid. 

This certificate sets forth that on the day named the boil^ 
therein described waa subject to a hydrostatic pressure of a 
certain number of pounds to the square inch. The certificate , 
tells where the boiler was built, its style or character and ' 
"now appears to be in good condition and safe to sustain a 
working pressure of — - to the square inch. The safely 
valve has been set to said pressure." A duplicate of this 
certificate is posted in full view in the boiler room. In case 
the boiler does 3iot stand the teat to which it is subject, it ^^_ 
must be immediately repaired and put in good working order ^^H 
before a certificate will be issued. ^^H 

Applicants for licenses are very liable to bn asked— to test i 

their experience in and around steam boilers — some questiona 

relating to their inspection ; hence the value of these excracta , 

^^^^qwn the subject ^^^^| 



tedly the mtat*^^ 



CHIEF lysPECTons reports. 

■ IMPORTANT. 

The following ten pages are undoubtedly t1 
valuable and InstructiTe of an; same nuuiber of pages 
in this volume. Thej indicate tlie path of Rdvance in 
granting licensee for the future, and. with adinirabte 
modesty, the great benefits which have accrued from a 
wise and faithful administration of public law, con- 
trolling engineers' examinations and the granting of 
licenECH. It will he happisr times when the whole 
country ia equally guarded and protected. 



STEAM BOILER INSPECTION AND CERTIl 
CATION OF ENGINEERS. 

BT THK SUFBBINTBNDBN-T, 
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[ExtTOet.) 

In the city of Brooklyn the inspection of boilers is mad^ 
by a corpeof six inspectors. The hydrostatic test in applied, 
and wherever deemed necessary, a hammer teat is added. 
Whenever defects are ascertained, they are caused to be 
remedied or the boiler condemned. 

The inspection of steam boilers and the certification of 
engineers to manage and care for the same are subjects to 
which much thought has been given by the best engineers of 
the country. From the inception of the general idea of 
official boiler inspection to the present date, great stridea 



have been made by both natiooal, state and municipal gOT- 
ernments in bringing the sjBteni to perfection, and to throw i 
urouiid boilers under their Eupervision every eafeg^uard that i 
liunian i[igeniiity could deyiae. 

Tha United Statoa government, through its able corps of I 
naval engineerG, has done much to advance the interosts of j 
those engaged in this work, having systematized the work s( 
tliat the best possible rcaulta are attained witJi the material i 
at hand. The individual states are also gradually falling 
into line and are enacting lawa providing for the needed 
inspection. 

1 n the cities of Now York and Brooklyn the lawa govern- 
ing boiler Inspection are similar in geneial principle, while 
differing in some of the particulars. In both cities the 
bureaus of inspection are a bi'anch nf the police dapartment, 
responsible to the commissioner or commissioners of police. 
In the former city, officers are detailed tor this work from 
the police force, after having given satisfactory evidence of 
their qualification for this duty, and are under a command- 
ing officer of experience and discretion. 

In the city of Brooklyn, while the inspectors are 
members of the force, they are entitled to all the privileges 1 
and subject to the same discipline. The superintendent of I 
steam boilers is a position provided for by statute, the quali- 
fications for which are set forth explicitly, and the duties and 
authority expressed in such laws. The examination and 
grading of engineers is discretionary with him, a:Dd the 
steam plant! in the city are clasaifled ajid recorded in his 
office. The aim and desire of tlie department is to assist and 



enoouroge the beet Efcill among our engineers, tbeTeb;^ aiding 
the worthy and deserving men, as well aa to provide for 
BteacQ UHera the beat material for the management of their 
aeccral steam plants. 

The Association of Boitor Inspectors of the United States 
and Canada, following the example set by the United States 
inspectors, bold tmnual meetings for the interchange of views 
and opinions as to the best method of boiler inspection. Tbej 
have adopted rules which, while not legally binding upon Ite 
membera as are the rules of the latter body, jet place a moral 
obligation for the carrying out of tbe same. 

It i» our proud privilege to be able to say that since the 
inatHulion of the tnspection of ateatit boilers in tfiis diy. 
there has been no explosion of a steam boiler that had prev- 
ioutly been inspected by tlie department. 

The Inspectors are always on the alert, and arrests are fre- 
qnently made for violation of our laws, and the courts by 
their actions sustain and strengthen the hands of the depart- 
n enforcing the law. 

The engineers of this city are of great ossistanca to tbe 
department in the care of their several plants, and are ever 
ready to assist the department in its work. The steam users 
as well recognize the importance of the work, and it is tlie 
desire of tbe department while enforcing the law to conserve 
their interests wherever ]iracticable. There are some imper- 
fections in our laws that might be corrected, and some action 
will be taken in that djrectioir-to tlie betterment of Uie 
department anil ^ 

Jan'y, IBBffi : 



in that dyrectioir-to tSe bett 
t^perteoiion of the^Jrork. 



OW£ES. ^^1 
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CHIEF INSPECTORS REPOl 



New York City Steam Boilbk Inspi 



BOILEK INSVECTION 




In the lost annual report from this bureau the inadeqiu 

of the present method of boiler inspection was commeni 

There are bat few engineers In Xew York City who have not met 
Sergeftnt Washington MulUn, Chief of tiie Boiler Inspection and 
* Engineer's Bnreaa, of New York Citr. TbaosandB of englneerB know 
him at Bight. For the benefit of those who have not had the pleasaro 
of meeting him we herewith present a brief sketch of bis active lite : 

Offlcer MnlllD was bom la the City of Philadelphia, Bept. fflth, 
183T. His parents removed to Now York City when ha was but eight 
years of age, and he attended the public schools until he had reached 
hlB sixteenth year, when he was appmntlcod In the engine and 
machine works of Abraham Van Neas, where be was working at the 
breaking out ot the war. Young Mullin was among the flrat to 
respond to bis coontry's call, nuil assisted in organizing Company 
"E." J3d N. Y. Volunteers. He partlclpatHd in aU of the engagements 
in which bis brigade took parti was promoted to first llentenanl, 
■□d honorably discharged September, ISMi was appointed to the 
Police Department. New York Oity, Septemper, 18(M, promoted to 
ronndsnian, Oct.. 188S, to sergeant ISOB, and subsequently assigned as 
Cliiefof the Boiler Inspection and Engineer's Bureau, February, 18t«. 

Schooled as a soldier, he is a strict diacipiinarlan i uses discretion 
tn the e lamination of the manythonsand engineers who comolKfore 
him annually to pass the examination preparatory to taking ont the 
engineer's license regntred by law; never discriminates, treats all 
applicants alike, shows no favoritism, and the engineer who obtains 
a license must pass the necessary eiaminatton in a satisfactory 
manner, proving bis ability to take charge of and operate a steam 
plant. The competent have nothing to fear In Sergeant Mnllln— the 

I Ignorant, incompetent and Intemperate are always rejected. ^^_ 

L '""J 



upon, and recom me Dilations mad^ for n rliangu in the laws 
to improve the syEtem. lo Ihe end that the protection to life 
and property be made more eecure^ and the dangers tran 
«acb casualtiea aa boiler explosions reduci^l to a minimum. 
Willie there were several bills presented to the last Leg^isla 
tiire, touching upon the matter of boiler inspections and 
licensing of engineers, none Beamed to meet with approval, 
and all failed of p 



Therefore, it is again respectfully submitted that, in con- 
sequence of the danger t« life and property, attendant upon 
Oie operation of Bt«am boilers, it would seem tliat no difflculiy 
eiiould be encovintercd in the endeavors made to have them 
lygallj regulated aa to their proper and carefid construction 
and inspection, as well as to the licensing of those ^ho are 
to liave charge and operate them, more especially in locftli- 
tica which are thickly [M)pulat«d, and where an explosion of 
a steam boiler means dire disaster. 

Aa a matter of camparUon between tlie different places in 
the United States, where there are inspection laws and w^ere 
no legal supervision exists, it kzU be noted that the eastial- 
ti^ resulting from boihr explosions are as one toahundred. 
If the importance of this matter was properly and intelli- 
gently impressed upon the consideration of those selected 
to make the laws, and more stringent safeguards were drawn 
around the laws and ordinances now in force, a much greater 
percentage would be shown in favor of legal supervision. 

The boiler inspection laws now in operation in the cities 
of New York and Brooklyn, as far as the particular method 
of inspection, is conoemed, are the same as those e3:isting in 
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1862, when not more than 3,000 steam boilers were operated 
in the then metropolitan diatrict, compriumg the counties of 
New York, Kings, Richmond and parts of Queena and "West 
Chester, while now there are upward of 8,000 boilers in nss 
In the City of New York alone. 

At the time mentioned, and for some years after, the aver- 
age pressure used to operata steam boilers was about fifty 
pounds to the square inch, whereas, at present, owing to the 
advancement and improvements made in machinery and 
other devices necessary for steam to operate Jiave been bo 
great that the average pressure carried will equal 100 pounds 
to the square inch, and yet, withal, no legal advancement 
has been made in the matters regulating the ttBting and ii 
epection of boilers. To be sure, reputable manufacturers 
and builders of steam boUers take Oie necessary precaution 
in building boilers required to withstancl this extra demand 
for increased pressure, but it is to guard against that class of 
firms who construct cheap work, taking chancee on 1 
safety and security of the boilers they make, that more rigid 
l&ws should be enacted. 



Such laws should provide that every maker of a boUei 
should issue or give a certificate, setting forth the quality 
and thickness of the material used, its guaranteed tensile 
strength and ductihty, the pressure per square inch the boiler 
ifl designed to carry, and every X'^rticular concerning its con- 
struction, and that in the absence of Huch certificate the ten- 
sile strength of the material should be calculated at 40,000 
lbs. for iron and 50,000 lbs. for steel plates, when deteimin 
iog the safe working preaeure. 
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The strength and secnrit;^ of a boiler should ba det«nmr&l 
hy a series of calculaitioDa. bused upon established roles, upou 
-BiiouB parta, and, when tlie workmanship &nd material 
ta found to be of good quality, a factor of five should be tha 
standard luied to determine the safe working pressure to be 
allowed. 

But, in the matter of inferior worknmnsUp or inferior 
material, authoritj should be given the inspector to either 
(Mtndemn the boiler or Increase the factor to a degree thai 
would insure the utmost safety in the operation of the boiler. 
Then, again, everyboiler should besubjeotedtoahydroatatio 
test beiore put in actual operation, such a teat to be made at 
least once ever; year thereafter, and in the following 

The boiler to bo filled entirely with water, a Sre lighted in 
the furnace, and the temperature of water brought to al 
least 150 degrees of Fahrenheit, when the boiler should be 
subjected to a hydrostatlo pressure of one and one-half times 
the steam or working pressure to be allowed per square inch. 
The inspector, after applying the hydrostatic test, should go 
inside the boiler and make a thorough examination of every 
part of the same, and, if the test is not satisfactory, the da 
feots should be made good, and tlie boiler re-tested. 

In water-tube boilers, constructed to carry IBO lbs. or more, 
where the factor of safety is generally above seven, the 
pressure should be one and one-quarter times the working 
pressure to be allowed, for the reason that pressure above 
226 tba. will rupture calking in longitudinal seams of steam 
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In determining the woiking pressurs for boilers that hare 
been several jeara in use, tlie inspector should take into con- 
sideratiou the age and condition under which it has been 
operated, as ■n-ell ae the thickness, original strength, efficiency 
of riveted joints, etc., and make calculation between what 
was its safe working pressure when new, and the pressure 
now desired, and he should make due allowance for deterio- 
ration, and, if necessary, drill holes to properly determine Its 
thicknees. 

All boilers should hare a composition valve or cock placed 
in (lie feed line, between the check valve and the hoOer, so 
as to jiermit of overhauling the check when steam is up, if 
necessary. All pipe connections of over one inch internal 
diameter should be attached to the boiler by a flanged joint, 
riveted or bolted. Each boiler should have three gauge cocka 
and a water glass, and the gauge cocks and water column 
should be connected directly to the boiler with at least one- 
inch pipe, the lower water pipe to be tapped near the bottom 
of the boiler, and the upx>er steam pipe connected at the top 
of the boiler, and aa far away from where the main steam 
pijie is connected as is practicaL 

No other connection should be allowed to be taken from it. 
A blow cock should be placed at the bottom of the lower 
water pipe. The bottom gauge cock should be placed at least 
two inches above the highest heating surface, and the other 
cock placed in proper proportions, so iis not to unduly reduce 
the intended steam space. 

Each boiler should have a steam gauge that would cor- 
rectly indicatfl one-and-a half times the working pressure 



allowed, and one safety valve of Bufflcient capacity, when 
open, tc carry off alt the steam the boiler could generate with 
all the other valves closed. 

The blow-off pipe on horizontal tubular bailers, whenafr 
tuchcd to the back connection or cximbustioQ chamber, should 
be of ample size, but not t« exceed two inches internal diani* 
«ter, and should be of extra heavy pipe, with malleable fit- 
tings, and protecl«d from the inteuse heat by a metal eleeve 
or other covering, and, in the absence of such covering, there 
should be a circulating pipe connected with the upper part 
of the boiler to give good circulation and eliminate the 
danger attending the dead end between the blow cock and 
boiler. There should also be a surface blow-off. 

All high pressure boilers of the Tertical or locomotive st^e 
should have a fusible plug placed in the crowu sheet. 

Boilers should have two waya of feeding — by a steam pump 
and by an injector; pumps to be used only when hot ■water 
is available or the injector out of order. When two or more 
boilers are connected, the inspectors should give partioular 
attention to the connection in the tnai" steam pipe, and see 
that due allowance is made for expansion. 

That a proper record of each boiler may be kept, and that 
it could be at all times easily Identified, a plate, bearing the 
official record number of the boiler, should be securely and 
permanently fastened to the boiler in a conspicuous place. 

It should be made the duty of engineers in charge of steam 
boilers, to blow, or cause to blow, at leaflt once each day. the 
safety valve to insure ibi readiness for use, and should a 
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safety valve be found, at the annual inspection, to have been 
tampered with or out of order, the certificate of the person 
in charge should be suspended or revoked. 

Provision should also be made that would require an engi- 
neer to go inside his boiler, at least once in three months, to 
cleanse the same, and Fee that no accumulation of scale or 
corrosion had taken place. By this means the property of 
his employer will be protected, the life of the boiler pro- 
longed, and the loss to life and property averted. 

These are mentioned as some of the provisions that should 
be embodied in a law which, when drafted, would cover the 
necessary requirements more in detail, and which would 
surely meet the approval, and ultimately result to the bene- 
fit, of owner, steam user, engineer, and everybody in any 
way concerned or interested in the use of steam, or the safety 
to life and property. Respectfully submitted, 

WASHINGTON MULUN. 
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